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SYLTICTJLTUEE 


INTEODUCTION. 

Sylviculture literally means the culture of forests, that is 
to say, all measures connected with the formation, preserva- 
tion and treatment of forests. In practice, however, the word 
forestry is used to express and comprise all this, while by 
sylviculture, in its narrower sense, is understood the formation, 
regeneration and tending of forests, or woods, until they 
become ripe for the axe. Sylviculture, in the latter sense, 
teaches how a forest, or wood, can be produced and guided to 
maturity so as to realise in the ’most advantageous manner 
the object which the proprietor has in view. 

The object for which a particular forest is maintained 
depends on the will and pleasure of the owner, in so far as his 
freedom of action is not limited by rights of third persons, or 
by legal enactments. The object itself can be one of many, 
and of these the following may be mentioned by way of 
illustration 

1. To yield produce of a definite description, for instance trees 

and shrubs of special beauty, or trees giving a certain 
kind of timber, or other produce, fit for particular 
purposes, such as grass, turpentine, caoutchouc, etc. 

2. To produce the greatest possible quantity of wood, or 

other produce, per acre and year. 

3. To produce the highest possible money return per acre 

and year. 

4. To produce the highest possible interest on the invested 

capital. 

5. To produce certain indirect effects; for instance, to 


s. 
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influence the climate, to regulate the drainage of the 
country, to prevent landslips or avalanches, to arrest 
shifting sands, etc. 

In each of these and other cases the particular species of 
tree to be grown and the method of treatment are likely to 
differ, and it is the business of the forester to select those 
species and methods which realise the object of management 
most fully and in the most economic manner. More especially, 
the forester must always consider what effect the species and 
the selected method of treatment are likely to have on the 
property, and he must remember that any exceptional strain 
put upon the soil for more than a limited period, in order to 
realise an exceptional effect, must be followed by a corre- 
sponding period of relaxation. Unless this is given, the soil, 
in the majority of cases, will deteriorate, and it may ulti- 
mately become absolutely sterile. Such an exceptional strain 
may suit the special requirements of a particular owner, but 
is not in the interest of the general community. Political 
Economy teaches, that the correct mode of procedure points to 
the careful preservation of the productive powers (or factors) 
of any given locality, so as to render possible the production of 
the same effect, or an increased one, regularly and indefinitely. 

Experience has shown that in forestry the safest method of 
preserving the productive powers of a locality consists in 
maintaining uninterruptedly a crop of forest vegetation on the 
area. The more frequently and the longer the ground is 
uncovered and exposed to the full effects of sun and air 
currents, the more, in the majority of cases, is the pi^oductive 
power liable to be reduced. 

The subject of Sylviculture will be treated under the 
following headings: — 

Part I. — ^The Foundations op Sylviculture. 

,, II. Formation and Regeneration op Woods. 

„ III. — Tending op Woods. 

„ IV. Sylvicultural Notes on British Forest Trees. 
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THE FOUNDATIONS OF SYLVICULTUEE. 

The natural forest vegetation of the various parts of the 
earth consists of a large number of species of trees and shrubs, 
each of which has its peculiar mode of growth, and thrives 
best under certain conditions. Only a limited number of 
species of trees possess the faculty of forming by themselves 
healthy and flourishing woods, while others will obtain perfec- 
tion only if they are mixed with the former. Species are 
called o'uling, or dependent^ according to whether they belong 
to the first or second category. Owing to the great number of 
species and the ever-changing conditions in different parts of 
the earth, it would be altogether impracticable to deal with all 
in a book which has for its object to teach the theory of sylvi- 
culture. The general principles of sylviculture hold good all 
over the world, but the illustrations must be taken from a 
limited area. In the present volume they will be taken chiefly 
from the timber trees ordinarily growing in Western Europe 
oia the fiftieth degree of northern latitude, and the countries 
immediately to the north and south of it. If the more 
important species of timber trees growing in that region are 
classified in accordance with what has been said above, the 
following lists are obtained : — 

Ruling Species. 

Decidedly ruling. — Silver fir, beech, spruce, Scotch pine. 

Conditionally ruling. — Hornbeam, oak, larch, common alder, 
birch, willows, Austrian pine, mountain pine, Weymouth 
pine, Douglas fir. 

Dependent Species. 

Of these may be mentioned : Ash, Norway maple, sycamore, 
sweet chestnut, poplars, elms, lime, white alder, Cembran 
pine, etc. 
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Although the biological characteristics of these and other 
species have been carefully studied for many years past, the 
subject has been by no means exhausted, because the factors 
which affect the growth of trees vary constantly, and moreover 
some of these factors are as yet imperfectly understood. The 
experience so far gathered will be found in the succeeding 
chapters. It is that experience which must guide the forester 
in the selection of species for a particular locality, and of the 
subsequent method of treatment. 

The subjects which claim more immediate attention will be 
dealt with in the following four chapters : — 

Chapter I. — Locality in Eblation to Forest Vbobtation. 

,, II. — The Development of Forest Trees. 

,, III. — Character and Composition of Woods. 

,, IV. — The Sylvicultural Systems. 

These are matters which govern all forest operations, not 
only the formation, regeneration, and tending of woods, but 
also the determination of the yield, the preparation of working 
plans, and the ultimate utilisation of the forest produce. 
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OHAPTEK I. 

LOCALITY IN RELATIOIT TO FOEEST VEGETATION. 

When a plant germinates on the surface of the earth, it 
sends its roots into the soil, and its stem into the air. The 
soil, assisted by the subsoil, provides to the plant the means of 
stability and nourishment ; the atmosphere overlying the soil 
furnishes certain nourishing substances, heat, light, and 
moisture. Hence soil, including subsoil, and atmosphere are 
the media which act upon forest vegetation, and they together 
are in sylviculture called the “ locality ^ The active agencies 
or factor's of the locality depend on the Mature of the soil and 
the climate, the latter being governed by the situation. The 
sum total of these factors represents the quality or yield capa- 
city of the locality. The forester requires to be well acquainted 
with the manner in which soil and climate act on forest vege- 
tation, in order to decide in each case which species and method 
of treatment are best adapted, under a given set of conditions, 
to yield the most favourable results. The detailed considera- 
tion of the laws which govern this branch of forestry finds a 
place in the auxiliary sciences, such as Physics, Chemistry, 
Meteorology, Mineralogy, and Geology. A sufficient know- 
ledge of these branches of science is assumed, so that here 
only their application to Sylviculture need be considered. 

The chapter has been divided into the following sections : — 

Section I. — The Atmosphere. 

„ II. — Climate, 

„ III.— Soil. . 

,, IV. — Effect of the Locality on Forest Vegetation, 

,, V. — Effect of Forest Vegetation on the Locality. 

,, VI. — Assessment of the Quality of the Locality. 
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Section I. — The Atmospheee. 

The earth is surrounded by gaseous bodies, which move 
with it, and collectively are termed the atmosphere. Owing 
to the weight of its component parts, the atmosphere is densest 
close to the surface of the earth, and becomes thinner with 
increasing distance from the earth passing gradually into space. 

The atmosphere consists essentially of the following 
substances : — 

(1.) Oxygen and Nitrogen. 

(2.) Carbon dioxide. 

(3.) Water, in various conditions. 

(4.) Solid bodies. 

(5.) Ammonia and Nitric Acid. 

1. Oxygen and Nitrogen. 

The chief constituents of the atmosphere are 21 parts of 
oxygen and 79 parts of nitrogen in a mechanical mixture, as 
well as small quantities of argon, helion, and other substances. 
The latter have quite lately been discovered, and it would 
be beyond the scope of this book to discuss them here. No 
chemical process is required to separate oxygen from nitrogen ; 
as a matter of fact, all porous bodies possess the faculty of 
taking oxygen from the atmosphere, without entering into a 
chemical combination with it. Amongst such bodies are the 
soil, leaves, bark, and roots of plants. Until a comparatively 
late date it was believed that plants could not take nitrogen 
direct from the air. It has now been proved that certain 
plants, including various forest trees, can do this, and further 
investigation will doubtlessly lead to additional discoveries in 
this respect. 

Although the leaves of plants take up oxygen, they exhale 
greater quantities of it under the effect of light ; the latter is 
the result of the decomposition of carbon dioxide by the 
leaves, which retain the carbon and surrender the oxygen. 
Thus, plants are powerful agents in the production of oxygen. 
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The action of the air in the soil is chiefly two-fold ; it causes 
the evaporation of moisture, and the decomposition of organic 
matter. The air which penetrates into the fissures and inter- 
stices of the soil becomes laden with vapour and carbon 
dioxide; it is then forced out of the soil by every rise of 
temperature, and replaced by fresh air during cooling. The 
extent of this change of air depends on the degree of porosity 
of the soil and the daily range of temperature ; the greater 
these are, the more rapidly will moisture and organic matter 
(humus) disappear. The daily range of temperature is 
seriously affected by the degree of protection which the soil 
receives from forest vegetation ; it is greatest in fully exposed 
soils and smallest in soils under the shelter of a crowded 
crop of trees, especially if the foliage offers lateral as well as 
vertical shelter against sun and air currents. In the latter 
ease the humus is generally carefully preserved, in the former 
it disappears rapidly. 


2. Carhon Dioxide. 

About 0*0004 parts of the volume of the atmosphere 
consist of carbon dioxide, which is received from a variety 
of sources, as combustion or decomposition of plants, the 
breathing of animals, volcanoes, spring water issuing from the 
interior of the earth, combustion of coal and lignite, from 
various minerals, as for instance calcium carbonate- Of these, 
the first is by far the most important source of supply. 

Plants, except certain parasites and saprophytes, take the 
carbon dioxide which they require through their leaves from 
the atmosphere. Subsequently, when they die and are decom- 
posed, their carbon is converted back into carbon dioxide, and 
returned to the atmosphere ; hence plants form an important 
link in the movement of carbon dioxide. 

3. Moistwre. 

The atmosphere is the medium through which the dry 
land receives the greater part of the necessary moisture. 
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Sheets of water (the sea, lakes, rivers, etc.) and moist bodies 
evaporate moisture, which, as vapour, rises in the atmosphere, 
until it is again condensed into water. It either settles as 
dew on cool objects, or falls as rain, snow, or hail from the 
cloud region to the ground. Plants, being moist bodies, take 
part in the circulation of moisture ; they receive it from the 
soil through the roots, and evaporate it through the leaves. 

In this perpetual circular motion of moisture, several points 
are of special interest to the forester. By the action of 
heat water is converted into vapour, and consequently 
evaporating bodies become drier and cooler, and reduce the 
temperature of the surrounding layers of air in their effort 
to replace the expended heat. It follows that the rate of 
evaporation is, amongst other influences, governed by the 
temperature, which depends upon the climate. There is, how- 
ever, another reason why the rate of evaporation depends on 
the temperature : — The maximum of vapour which saturated 
air can hold rises at a more rapid rate than the increase in 
temperature. If, for instance, one cubic foot of air is saturated 
wdth vapour when it contains ’15 grams of water at freezing 
point (32° P.), it' can -hold *28 grams at a temperature of 
54J degrees, and -64 grams at 77 degrees. It follows that air 
of a high temperature can hold more vapour than at a low 
temperature, and yet the relative humidity may be smaller in 
the former case. Hence evaporation is more rapid in summer 
•than in winter ; it is generally also greater during the day 
than at night. 

4. Solid Bodies. 

The atmosphere always contains a certain quantity of 
organic and inorganic solid bodies, which are kept in suspen- 
sion in consequence of their minute size and lightness. When 
vapour is condensed and falls to the ground as rain, snow, or 
hail, it carries with it a certain quantity of these solid bodies, 
which differs according to locality ; the mineral part of these 
deposits is not inconsiderable compared with that which 
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is required annually for the production of timber on a fully- 
stocked area. Amongst the substances thus brought to the 
ground are calcium carbonate, magnesium carbonate, sodium 
chloride, calcium sulphate, ferric oxide, alumina, silica, 
organic nitrogenous matter, etc. Direct analysis has shown 
that upwards of 300 lb. of these substances have been 
deposited on an acre of land in one year, a quantity more 
than sufficient to provide for that contained in a heavy 
increment of wood laid on during the same period. In other 
cases, observations have shown that the quantities deposited 
are considerably less than 300 lb. per acre. 

5. Ammonia and Nitric Acid, 

Limited amounts of these important substances are con- 
tained in the atmosphere ; they supply nitrogen to forest plants 
in considerable quantities, especially for the formation of seeds. 

A certain quantity of ammonia and nitric acid is brought 
into the soil by the annual rainfall; where the latter is 
heavy, the quantity of the above substances thus obtained by 
the soil may be sufficient for all the requirements of forest 
growth, but where it is light, this will not be the case. 

As already stated, certain plants (Leguminosse) can take 
nitrogen direct from the air by means of tubercles or nodules, 
which are produced by microscopic fungi or bacteria. Again, 
further investigation may show that mycorhiza, a coat formed 
by a fungus outside or inside the root, is connected with the 
assimilation of nitrogen by the plant. 


Section II. — Climate. 

By climate is understood the local peculiarities of the 
atmosphere in respect of temperature, degree of clearness, 
moisture and rest or motion. As already indicated, the climate 
of a locality depends on its situation. 

The climate of a locality is of grea.ter influence upon the life 
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and growth of plants than the degree of fertility of the soil ; 
hence it demands the forester’s special attention. Generally 
speaking, the climate of a locality depends on : — 

(1.) Latitude and longtitude, or geographical position. 

(2.) Elevation above the level of the sea. 

(3.) Aspect and gradient. 

(4.) Shape of the surface and condition of surroundings. 

Each of these affects the heat, light and humidity of a 
locality, which are the agencies determining the commence- 
ment and course of the annual phenomena of vegetation. 

1. Heat. 

Heat affects plant life in various ways. In the first place, 
it is necessary for transpiration by the plants and evaporation 
from the surface of the earth ; and secondly, it governs the 
movement of the air, which produces a thorough mixture of 
its different ingredients, as well as that of warm and cold, dry 
and moist, clear and hazy air. 

The heat required by plants for transpiration and growth 
must be supplied to them by the atmosphere, either directly 
or through the soil. If these are themselves deficient in heat, 
transpiration must cease as soon as the plant has expended 
the store of heat which it contains. The latter, however, fre- 
quently does not take place until serious damage has been done 
to the plant, in other words, the temperature of the plant may 
be so far reduced that the freezing point is reached, although 
the temperature of the surrounding air is still several degrees 
above that point. 

The only important source of atmospheric heat is the sun; 
hence the temperature of a locality depends in the first place 
on its latitude. The mean annual temperature decreases with 
the distance from the equator because the sun’s rays strike the 
earth more obliquely in proceeding north or south from the 
equator towards the poles. In the centre of Europe and 
in the vicinity of the 50th degree of latitude, the tempera- 
ture decreases one degree for about every 61 miles, on 
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proceeding north. The climate thus produced is frequently 
called the geofjrapMcal or solar climate. It exists practically 
nowhere on the earth, because it is modified and converted into 
the physical or local climate by a series of influences, amongst 
which the following deserve attention : — 

a. Elevation above the Level of the Sea. 

The temperature falls with elevation above the sea. In 
the Alps the fall is one degree for every 800 to 400 feet of 
elevation ; it is about 900 times as rapid as the fall caused by 
increasing latitude. The effect of elevation upon temperature 
is subject to modifications. High plateaux of considerable 
extent show a milder climate than that calculated for their 
elevation, because the sun's rays are more intense than at the 
level of the sea. On the other hand, wind currents exercise a 
considerable effect, so that isolated peaks have, as a rule, a 
comparatively rough climate. 

Cold air, owing to its weight, glides down slopes and may 
become stationary in valleys and low land generally, producing 
locally and temporarily a lower temperature than that which 
corresponds to the elevation of the locality. Hence in such 
localities late and early frosts are more common than in 
localities which are under the influence of a free circulation of 
the air. 

1. Presence of Eictensive Sheets of Wafer. 

Owing to a difference of temperature, and the consequent 
exchange of air between dry land and sheets of water, the 
latter cause the climate of the former to be more equable, the 
temperature being lower during the day and higher during 
the night. It is chiefly for this reason that the longitude of 
a locality, by affecting its distance from the ocean or other 
extensive sheets of water, influences the local climate, 

€. Aspect and Gradient. 

The angle at which the sun's rays strike the soil depends on 
the aspect of the locality ; hence, in the northern hemisphere, 
aspects between south-east and south-west are the warmest,, 
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and those between north-east and north-west the coldest. The 
degree of the gradient further modifies this effect, which also 
depends on the latitude. 

The aspect affects the temperature also in exposing a 
locality to air currents, or protecting it against them. This 
effect may be favourable or the reverse according to the nature 
of the air currents. 

d. F?'esence or Absence of Forest Vegetation, 

Localities, which are bare of vegetation, are struck by the 
full force of the sun’s rays, causing the temperature at the 
surface of the soil to rise to the highest possible degree. At the 
same time, air currents sweep unimpeded over such localities, 
causing a rapid change of the atmosphere. 

On localities covered with a full crop of forest vegetation 
the sun’s rays strike the crowns of the trees; the heat 
absorbed by the air at some height above the ground, 
penetrates only slowly through the leaf canopy to the layer 
of air below it and thence to the soil. During the night again 
the leaf canopy prevents, or at any rate reduces, radiation. 
It follows that the air in forests is cooler during the day and 
warmer during the night, than the air on bare localities. This 
effect is intensified by the fact that the foliage of the trees 
impedes the force of air currents. 

Direct observations have established the following facts : — 

(1.) The climate of wooded countries is more equable than 
that of open countries. 

(2.) The mean temperature of soil and air in wooded 
countries is somewhat lower than that of soil and air in 
bare countries. This reduction of temperature would 
ordinarily act beneficially in warm southern countries, while 
it may become injurious in cold northern countries where 
the temperature is already lower than is desirable. 

(3.) The greatest difference occurs in summer, next in 
.spring, then in autumn, and it is very small in winter. It 
follows tliat in forests the commencement of vegetation in 
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spring is retarded. This may be beneficial in preventing 
damage by spring frosts, limiting the formation of inferior 
spring wood, etc. ; on the other hand it shortens the growing 
season, and delays the sprouting of seeds in spring.^ 

Heat is a most powerful agency in the distribution of plants 
on the earth ; the species change with increasing latitude, 
elevation and other influences which govern the temperature. 
This applies to forest trees as well as other plants. 

Attempts have been made to ascertain the absolute sum of 
heat required annually by the more important forest trees, 
which have been enumerated in the inti'oduction of this part, 
but so far the available data are not of much practical use 
in sylviculture. Moreover, it is beyond doubt, that mean 
temperatures are much less important to forest trees than 
the extremes of temperature which occur in a particular 
locality, more especially during the growing season. 

Something more definite is known of the relative heat 
requirements of the several species. According to Grayer this 
is as follows : — 

It is greatest in : Common elm, sweet chestnut, pedun- 
culate oak. 

Somewhat smaller in : Sessile oak, Austrian pine, silver fir, 
beech, Weymouth pine, lime, Scotch pine. 

Less again in : Norway maple, birch, sycamore, ash, alder, 
hornbeam, spruce. 

Smallest in : Larch, Cembran pine, mountain pine. 

The different degrees of heat requirement produce many 
phenomena of interest to the forester, of which the following 
may be mentioned : — 

(1.) On the same latitude the several species, if left to 
natural selection, are found at different elevations. While 
the Cembran pine finds full development near the upper 
limit of tree vegetation (up to 7,000 feet in the Alps), the 
larch and next the spruce prefer a somewhat lower zone; 
lower again appear beech, silver fir and sessile oak, while 
* For further details oa these questions, see Volume I. 
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the pedunculate oak and Scotch pine flourish in the low 
lands. 

(2.) A species which prefers a certain altitude in one 
locality, will descend towards the level of the sea with 
increasing latitude, or ascend with decreasing latitude. 

(3.) At the same altitude, the more heat requiring species 
will seek the warmer southern aspects, and the less heat 
requiring species the cooler northern ones. 

(4.) A species, which is naturally found on a northern 
aspect at a low elevation, will seek a southern aspect at a 
higher altitude. 

It must not, however, be overlooked, that the actual dis- 
tribution is affected by many other influences besides heat, 
and that the above theories are only of an abstract nature. 

The effect of frost on' the various species is intimately 
connected with their heat requirement. Trees suffer, as a 
rule, little from winter frosts within the region of their 
natural distribution, but frost which occurs during the 
growing season may do considerable damage ; especially 
during spring (late frosts), immediately after the tender 
leaves and shoots have been put forth, and during autumn 
(early frosts), before the newly-formed wood has had time to 
ripen. Many influences and circumstances contribute towards 
the occurrence of late and early frosts. Sometimes they are 
caused locally, especially in low lying or confined localities in 
consequence of excessive radiation, evaporation, the descent 
of cold air from higher localities, and absence of air currents ; 
in other cases they are due to cold winds. The several species 
vary much in their bearing towards late and early frosts ; in 
a general way the following classification will hold good : — 

Most subject to suffer from late and early frosts are : Ash, 
acacia, sweet chestnut, beech, silver fir. 

Someiohat less : 0ak, Douglas fir, Norway maple, sycamore, ^ 
spruce, alder. 

Let>^t : Lime, hornbeam, elm, birch, larch, aspen, Corsican, 
Austrian, Weymouth, and Scotch pines. 
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The degree of damage depends, apart from the severity of 
the frost, on the condition of the leaves and young wood, the 
general health and vigour of the plants, and whether they 
have been suddenly or gradually deprived of shelter. 

The damage occurs, generally, during the process of thawing 
after freezing. The more rapidly the plant thaws, the greater 
will be the damage ; hence it will be greatest on east and 
south aspects, and smallest on west and north aspects. 

Frost may kill the plant outright, or only the leaves and 
tender shoots. It may also cause cracks in the bark, as in 
beech, or in the bark and wood, as in oak. 

2. Light. 

The earth receives light from the sun, the source whence 
heat is supplied. With the exception of certain low forms, 
all plants require light to enable them to live and grow, as 
soon as the available reserve materials have been consumed. 
Without light carbon dioxide cannot be decomposed by the 
chlorophyll of the plants. 

During the process of germination light is not required, 
because the embryo is developed by means of substances 
deposited in the seed. Similarly, the first starting of vege- 
tation in spring can take place with a small amount of 
light, because it is done by means of reserve materials 
deposited in certain parts of the plant. As soon as these 
substances, both in germinaiion and the awakening of 
vegetation in spring, have been consumed, light becomes 
absolutely necessary for the preparation of new food 
materials. 

All trees, then, require light for their proper development, 
J3ut the necessary quantity has its upper and lower limit. 
Not only too little but also too much light can interfere 
with the phenomena of growth. Between the maximum and 
minimum a degree exists which corresponds with the most 
favourable development of a species, and which represents its 
normal light requirement. Begarding the absolute quantity 

s. c 
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of light required by the several species little is known at 
present, but much experience has been collected which 
demonstrates their relative light requirements. On the 
whole it is known that certain species cannot thrive unless 
they enjoy a large measure of light throughout life, while 
others will bear a certain amount of shade. Accordingly, 
the former species are termed light demanding, and the 
latter shade hearing or tolerating. In a general way it may 
be said, that trees with a dense crown are shade bearing, 
and those with a thin crown light demanding, though the 
light requirement does not always stand exactly in inverse 
proportion to the density of the crown. 

Some species, which are shade bearing, require a certain 
amount of shelter, or protection, during early youth; they 
have therefore been called ‘‘shade demanding.” Such a 
definition is, however, misleading, as these plants require 
protection against heat and cold, and not against light as 
such. In young j^lants of beech and silver fir, for instance, 
transpiration frequently reaches such a high degree, if they 
are not sheltered, that they lose water more quickly than 
they can take it up from the soil, and consequently die. 
Hence they require either a thorough wetting of the soil,, 
or shelter. In the former case more water is available, 
and in the latter the temperature and thereby the transpi- 
ration is reduced. Species are called tender or hardy, 
according as to whether they require shelter during early 
life, or can do without it. 

By summing up the available experience of the light 
requirements of a number of species, scales have been 
prepared by various authors, which, though generally agree- 
ing, differ somewhat in details. The following scale begins 
with the most light demanding species and finishes with the 
most shade bearing. Lime and Weymouth pine stand in the 
centre of this scale; the species above them are considered 
light demanding, and those below shade bearing, the degree 
in each case depending on the distance from the centre line. 
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(1.) Larch, birch, 

(2.) Scotch pine, aspen, willows, Corsican pine, 

(3.) Oak, ash, sweet chestnut, mountain pine. 

f4.) Elm, common alder, Austrian pine. 

(5.) White alder, lime, Weymouth pine, Norway maple, 
sycamore, Gembran pine, hazel, Douglas fir. 

(6.) Spruce, hornbeam. 

(70 Beech. 

(8.) Silver fir. 

(9.) Yew. 

The above scale represents only general averages. In reality 
the degree of light requirement is subject to considerable 
modifications caused by the peculiarities of each locality. 
Generally, all species bear more shade on good fresh soil 
than on poor dry ground, a fact -which is indicated by the 
density of the crown. The Scotch pine, for instance, grown 
in fresh soils in countries near the sea looks quite different 
from the same tree seen in continental countries, and stands 
considerably more shade than the latter. 

The ^ngth of the growing season also influences the 
degree to which a tree will stand shade. A certain total 
quantity of light is required to complete the annual cycle of 
development, hence a more energetic effect of light is wanted 
in localities with a short growing season, such as high eleva- 
tions, or high latitudes. A species which stands a certain 
amount of shade at the level of the sea and in a southern 
climate, may become light demanding at a considerable 
elevation, or in a northern climate. Again, in foggy air, 
under a usually covered sky, or on iiorthern aspects, the 
same species stands less shade than in usually clear air, 
•under a sunny sky, or on southern aspects. In this respect 
it must be remembered that the actual intensity of the light 
is somewhat greater in high mountains than in low lands. 

The health of the trees is also of importance. Strong 
healthy plants with a good root system stand more shade, 
and for a longer period, than weak plants. 

c 2 
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Light and shade in relation to tree growth are of the 
greatest importance in practical sylviculture, especially in 
the regeneration and tending of woods, the composition of 
mixed woods, etc. In each of these eases the light require- 
ment of the species must be fully considered, or serious 
mistakes may be made. The most important period in this 
respect is early youth, because at that time several species 
require some shelter, either against heat or frost. If that 
shelter, on the other hand, is excessive the young trees may 
be permanently injured, or even die. When a plant has stood 
in shade for some time, the activity of its leaves is reduced, 
and it takes some time, after the removal of the shelter, before 
the increased light produces increased assimilation and visible 
activity, because fresh organs, fitted for the altered conditions, 
must be produced. In all such cases it is best to remove the 
cover gradually and not all at once. If the plant has stood in 
shade for a considerable period, it may be no longer capable of 
developing into a tree of normal size. As long as several 
strong buds are found, especially near the top, this is not to 
be feared, but the recovery of plants with a few miserable 
buds may be considered as hopeless. 

3. Moisture, 

The first question for consideration is, whether moisture in 
the air is directly necessary or beneficial to plant life. The 
investigation of this problem meets with great diflSculty, 
because it is often difficult to separate the effect of air 
moisture from that of “soil moisture. As a matter of fact, 
only meagre data are available as far as trees are concerned. 
It is known that some species, such as spruce, alder, maple, 
ash, and next to these, silver fir, beech and birch, thrive 
generally better in moist than in dry air. It is also a fact, 
that spruce appears naturally over extensive areas in high 
situations and near the sea shores of northern Europe, that 
is to say, in localities with a comparatively moist air, while 
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it thrives but indifferently in continental situations with a 
dry air. The Scotch pine, on the other hand, appears over 
extensive tracts in continental dry climates, and at the 
same time flourishes in the moist insular climate of Great 
Britain. 

Although further investigation is necessary to show whether, 
or to what degree, trees take up moisture through their organs 
above ground, the atmospheric moisture is of the highest 
importance, for the following two reasons : — 

(a.) It governs the degree of transpiration from the leaves 
of the trees. 

(b.) It supplies the soil with water, whence it is taken up by 
the roots of the trees. 

Apart from the temperature, the degree of transpiration 
depends on the degree of saturation of the air; hence 
relatively dry air causes rapid transpiration, while the latter 
ceases as soon as the air becomes saturated. The degree 
of transpiration, in its turn, governs the raiDidity with which 
fresh water laden with raw materials is taken up by the 
roots. 

The soil receives water from the atmosj)here in the shape of 
precipitations, as dew, rain, snow, hail, and a certain amount 
by means of its hygroscopic nature. The quantities differ 
enormously in different climates and localities, from almost 
nothing to over 500 inches a year. Precipitation cannot take 
place unless the air becomes saturated. The phenomena 
which favour an increase in the relative humidity, and thereby 
induce saturation, are active evaporation and a reduction of 
temperature. On the one hand, evajDoration causes a reduc- 
tion of temperature, and on the other a falling temperature 
reduces the degree of evaporation ; the result is, that saturation 
and precipitation occur only locally. 

As a general rule a low temperature means a high degree of 
relative humidity ; hence the latter is greater in winter than 
in summer; greater at high elevations than in low lands; 
greater in the vicinity of extensive sheets of water than in 
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continental countries ; greater in forest countries than in bare 
tracts. 

Direct observations have shown that the relative humidity 
of forest air is greater than that of open air, the difference 
amounting in Central Europe to as much as 10 per cent, 
during summer, and about half that amount in winter. The 
practical value of this fact in sylviculture is, that radiation of 
heat is much slower in moist than in dry air; hence the 
danger of late and early frosts is smaller in the former than 
in the latter. 

Snow and ice have a considerable effect upon trees. During 
early youth snow may protect forest plants against excessive 
cold. Afterwards a heavy fall of snow, or the formation of 
ice or rime, may break the branches and tops of trees, or even 
fell them to the ground. 

4. Air Currents. 

The atmosphere is, practically, in constant motion. The 
principal cause of this is the uneven heating of the earth by 
the sun. The heat, which becomes free on or near the surface 
of the earth, warms the adjoining air and causes it to rise, its 
place being taken by colder air from other parts of the earth. 
The ascending air, after cooling, sinks again in its turn. In 
this manner a circular motion exists between the equator and 
the poles. Owing to a combination of these currents with the 
motion of the earth, modified wind directions are produced. 
The prevailing wind directions on the northern hemisphere 
are, therefore, from the south-west and the north-east, 
according as to whether the original current started from the 
tropics or the polar region. 

A second cause of wind currents, especially of storms or 
gales, is the sudden condensation of considerable quantities of 
aqueous vapour, which forces air to rush from all sides into 
the space of reduced pressure. 

Air currents are of paramount importance to all organic 
life on the earth, because they produce a thorough mixture of 
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the constituents of the atmosphere. Without them, the land 
would soon lose all moisture. The motion of the atmosphere 
ensures a proper distribution of moisture, carbon dioxide, 
oxygen and nitrogen over the earth. 

Air currents afifect forest trees injuriously principally in two 
ways : — 

{a,) By unfavourably modifying the temperature and 
moisture of a locality. 

(&.) By injuring, breaking, bending, or overturning them. 

Dry winds frequently reduce the moisture of a locality to a 
dangerous degree ; moist and cold winds may reduce the 
temperature, and thus interfere with the healthy growth of 
the trees. Strong winds may break the leading shoots or 
side branches, cause trees to assume a curved shape, or even 
throw single trees and whole woods to the ground. 

The damage done to trees by strong winds differs very 
considerably according to species. Shallow rooted trees, like 
the spruce, suffer most, while deep rooted trees, like oak or 
Scotch pine, are much less affected. The most dangerous 
winds in Western Europe are those which blow from south- 
west, west, and north-west. Occasionally north-east winds 
are also dangerous. 


Section III. — Soil. 

It has been already stated that plants, and more especially 
trees, require a certain layer of soil, into which their roots 
penetrate, and which provides them with nourishment and the 
means of stability. Wherever this layer of soil is deep enough 
to meet the above requirements, the subsoil is only of indirect 
importance, but in the case of shallow soils the subsoil has, as 
a rule, to undertake part of the ordinary functions of the soil. 
Under any circumstances, the subsoil furnishes the materials 
from which the mineral parts of the soil are principally 
derived. Hence, in speaking of the soil, the subsoil is more 
or less included. 
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1. Origin of Soil. 

All soil is originally the result of the disintegration of the 
rocks of the earth, with the addition of certain organic sub- 
stances. In some cases the soil now overlies the rock from 
which it has been derived, in others it has been carried away 
by violent convulsions, or the action of water and air currents, 
and deposited again in other places. In the former case the 
soil is called indigenous f in the latter The 

most important form of the latter is alluvial soil, formed by 
deposits near the sea coast, in river deltas and inland by water 
courses and lakes, as well as by the action of air currents. 

2. Formation of Indigenous Soil. 

The formation of soil is due to a variety of agencies, which 
are either of a mechanical, chemical, or organic nature. 

a. Mechanical Agencies. 

Amongst these, heat takes the foremost place. The heating 
of rocks produces an unequal strain and pressure, which cause 
them to burst in various directions. Then, if water penetrates 
into the interstices and freezes, it forces the particles asunder, 
thus further breaking up the rock. Water is also a powerful 
agency owing to its dissolving action. 

1). Chemical Agejicies. 

When oxygen and water, which contains carbon dioxide 
and other acids, come into contact with the rock, they form 
chemical combinations with its elements. The oxygen acts 
especially on the metals (as compounds of iron), forming, by 
the addition of water, hydrates of metallic oxides. This 
process, accompanied by an increase of volume, destroys the 
previous cohesion of the rock. Water containing carbon 
dioxide and other acids penetrates the rock, dissolves its 
various constituents and carries off various substances, such 
as lime, magnesia and potash. 
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The rate of chemical decomposition depends on the tempera- 
ture ; the higher the latter, the quicker the decomposition. 
Hence it is far more rapid in tropical than in cold climates, 

c. Organic Agencies. 

When mechanical and chemical action have commenced the 
decomposition of the rock, organic action sets in. Lichens, 
followed b;j mosses, appear on the surface of the rock, which 
further accelerate disintegration by keeping the surface moist. 
Next, the roots of these plants penetrate into the finest fissures 
and assist mechanical action. In this manner a soil is 
gradually formed, which consists of fragments of rock and 
remnants of dead plants, suitable for the support of more 
highly organised plants, such as grasses and herbs ; these are 
followed by shrubs and trees, which penetrate with their roots 
deeper and deeper into the rents and fissures of the rock, and 
further accelerate disintegration. 

When this process has gone on for a sufficient length of 
'time, the outer part of the earth’s crust consists of a layer of 
varying depth, which, commencing from below, changes 
gradually from the solid rock into broken rock, or brash, then 
into smaller pieces of rock, or subsoil, and ultimately into the 
formed or surface soil. 

At first sight it would appear, that the composition and 
quality of the soil depend solely on the composition of the 
original rock, out of which it has been formed. This is, on 
closer investigation, found to be tlie case only to a limited 
extent, because, in the first place, certain important substances, 
such as potash, magnesia, lime, may be carried away and lost 
during the process of disintegration ; secondly, organic sub- 
stances are added ; and thirdly, the fertility of the soil depends 
not only on its chemical composition, but also, and often 
chiefly so, on its physical properties. All that can be said is, 
that certain kinds of rock yield ordinarily a soil of a certain 
description, but subject to modifications, which depend on the 
peculiarities of each case. On the whole, ttie attempt of 
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estimating the quality of a soil by its geological origin only has 
almost invariably failed, since the same rock may produce 
soils of varying chemical composition and physical properties. 

3 . Cojnposition of Soil. 

Soil consists generally of the following substances ; — 

(a.) Mineral matter, taken from the decomposed rock, or 
carried to the area by water and air currents. 

(b.) Organic matter, being remnants of plants and animals. 

(c.) Water, partly liquid, partly in the shape of vapour. 

(n.) Gases, such as air, carbon dioxide and ammonia. 

A. Mineral Substances in the Soil. 

The mineral substances form, in the majority of cases, the 
greater part of the soil ; they may be arranged into the following 
four groups : — 

(a.) Earths. 

(6.) Salts. 

(c.) Acids. 

{d) Metals. 

a. Earths. 

Silica, alumina, lime, and, next to these, magnesia are the 
earths which occur most frequently in soils. 

Silica is represented chiefly in sand. 

Silica combined with alumina forms clay. 

Clay with sand forms loam. 

Lime appears principally as calcium carbonate in calcareous 
soils, also as calcium sulphate in gypsum. 

Magnesia is most frequent in dolomite, though smaller 
quantities are found in most other soils. 

b. Salts.’ 

The most important salts are : — 

Potassium carbonate (potash). 

Sodium carbonate (soda). 
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Sodium chloride (common salt). 

Carbonates, sulphates and phosphates of iron and 
manganese. 

The quantity of salts in the soil does not, as a rule, exceed 
one-half per cent., and rarely one per cent. Larger quantities 
appear only in certain localities, such as salt plains, in the 
vicinity of the sea coast or salt springs, and in some peaty and 
swampy soils ; in these cases they act injuriously on vegetation. 

Potassium carbonate is of importance, as forest trees 
require a fair amount of it. Sodium carbonate in moderate 
quantities does not act unfavourably. Sodium chloride acts 
favourably only if present in small quantities. Salts of iron 
often act injuriously. 

c. Acids. 

Carbon dioxide and humic acid are the two free acids which 
generally appear in soils. Other free acids, if they appear at 
all, do so only temporarily, until they enter into combination 
with a base. 

d. Metals. 

Of metals, only iron is of importance in sylviculture. It 
appears as ferrous oxide and as ferric oxide. The former is 
believed to be injurious to plant life. Ferric oxide may be 
mixed with soils, and unless the quantity exceeds 10 per cent., 
it does not act injuriously ; on the contrary, most fertile soils 
contain a certain quantity of it. Oxides of iron frequently 
assist in the formation of impermeable strata, or pans. 

B. Orcjank Matter^ or Humiis. 

By humus is understood in sylviculture all organic matter 
which, in contact with the soil, is gradually decomposed, and 
forms in mixture with the upper layer of mineral substances 
the mould or black earth of the forest. The sources of humus 
are the annual fall of leaves and twigs (or even whole trees) 
and dead j)lants. 

The continuous decomposition of humus furnishes several 
important products. In the first place the soil receives all the 
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mineral matter contained in the humus (ashes) ; secondly, a 
large quantity of carbon dioxide is produced, which accelerates 
the decomposition of the mineral part of the soil. Finally, 
humic acid renders many important substances, such as 
potash, magnesia, lime, etc., soluble in water, so that they 
become available for the plant. 

There are, however, different kinds of humus : — Mild humus, 
or farest humus is formed, if air and water act in proper 
proportion upon fallen leaves, moss, etc. Drif moidd is 
formed by the action of an excessive supply of air, or rather 
absence of moisture, on certain plants, such as heather. 
Acid humus is the result of decomposition, if there is an excess 
of moisture and a deficiency of air in the soil. Only mild 
forest humus acts altogether favourably upon forest vegetation. 

C. Wafer. 

Water is the most important component part of the soil, as 
plant life is impossible without a certain quantity of moisture. 
It affects vegetation principally in the following manner :■ — 
(a.) It assists in the decomposition of the rocks. 

[h.) It assists in the formation of humus, and regulates 
both the admission of air into the soil and its temperature. 

(c.) It is an important agent in the process of nourishing 
and shaping the plant. More especially it carries through 
the roots the mineral substances from the soil into the 
plant. 

However favourably a certain degree of moisture in the soil 
may act, an excess of water, especially if stagnant, is always 
injurious ; it reduces the activity of the soil (by driving out 
air), lowers the temperature, increases danger from frost, and 
is liable to render the soil acid. 

The soil receives water from one or more of the folio wing- 
sources : — 

(1.) Prom the atmosphere, as dew, rain, snow, hail, or as 
vapour condensed by the hygroscopic action of the soil. 

(2.) Prom ground water resting in the subsoil. 
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(3.) From inundations, whether natural or artificial. 

Water derived from the atmosphere acts most favourably, 
provided the supply is suitably distributed over the different 
seasons of the year, and the soil is capable of retaining mois- 
ture sufficiently long during dry weather. Where these con- 
ditions are wanting, ground water is likely to act more favour- 
ably, because it produces a more even degree of moisture in 
the upper layers of the soil. Natural inundation water is, in 
many cases, objectionable, because it renders the soil too wet 
at one time, and too dry at others. Artificial inundation, or 
irrigation, produces very favourable results, but it is generally 
expensive. 

D. Oases, 

The gases, such as air, carbon dioxide and ammonia, have 
been dealt with in section I. of this chapter. It is only neces- 
sary to add, that the amount of air in the soil varies within 
wide limits, and that the amount of carbon dioxide depends on 
the quantity of organic matter in the soil, and the rate at 
which it is decomposed. 

4. Physical Properties of Soil. 

The principal physical properties of importance in sylvi- 
culture are the following : — 

a. Consistency,, 

or binding power, the cohesion between the different 
particles of the soil. It depends on the chemical composition 
of the different parts, the degree of division, and the quantity 
of moisture in the soil. Generally, it is greatest in clay and 
smallest in sand. An admixture of humus moderates both 
extremes. 

h. Shfinkiny, 

or the reduction of the volume of the soil under the process 
of drying- It causes cracks in the soil, followed by the 
exposure of the roots. Heavy soils crack more than light 
soils. 
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c. Ga'pacitij to hold Water, 

It is generally proportional to the percentage of line earth 
and humus in the soil. 

d, Hygrosro])icity^ 

or the capacity of the soil to attract and condense aqueous 
vapour from the atmosphere. It depends on the degree of 
division of the particles, and on the temperature. The finer 
the division, the greater the hygroscopicity ; more vapour is 
condensed at a low than at a high temperature. Soils rich in 
humus show the greatest hygroscopicity, next clay, then loam, 
then lime soils, and it is smallest in sand. 

e. Tenacity in retaming Moistiire^ 

is greatest in clay soils, moderate in calcareous soils and 
smallest in sand. 

/. FermeaUlity^ 

or the capacity to let water pass through, is greatest in sand, 
especially if of a coarse grain, and smallest in clay. Humus 
soil approaches clay, while calcareous soils and loam stand 
about half-way between the two extremes. Stiff clays are 
liable to be altogether impermeable ; in many cases the clay of 
a mixed soil is gradually carried into the subsoil, where it 
forms an impermeable layer, frequently bound together by 
oxide of iron. 

g. The Poiver to retain Salts dissolved in Water 
depends on the proportion of tine earth in the soil. 

h. The Capacity to become Heated 
is greatest in sand, and smallest in clay. Calcareous soils 
approach sand ; loam approaches clay. Sand and calcareous 
soils are generally hot soils, while clay is a cold soil. 

i. General. 

Depth intensifies the effect of the various physical proper- 
ties. A depth of 4 feet may be considered as sufficient for 
almost any species, and many can do with considerably less. 
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Where a sufficient depth of soil is not available, the direct 
assistance of the subsoil is called in, especially its degree of 
permeability. The depth depends chiefly upon the nature of 
the rock and soil, the stratifi-cation of the rock, the situation, 
and the general shape of the surface of the ground. The 
nature of the rock governs the rate at which it is disinte- 
grated, and the rock may be more or less permeable. An 
impermeable subsoil is all the more injurious the nearer it is 
to the surface, because it makes the surface soil too wet and 
cold at one time, and too dry and hot at others, apart from 
the fact that the roots may not find sufficient room for 
spreading, or that the stability of trees may be endangered. 

A vertical stratification and a much crumpled state of the 
rock act most favourably upon the movements of water in the 
soil and the penetration of the roots ; a horizontal stratification, 
if unaccompanied by crumpling, is generally the least favour- 
able form. Low lands have ordinarily deeper soils than high 
lands. On ridges and steep slopes the soil is liable to be 
washed away, while it is collected in depressions. In the 
former places the covering of dead leaves is liable to be 
blown away by wind. 

All physical properties are of special importance through 
their action upon moisture. In this respect the chemical 
composition of the soil is of less importance than the admixture 
of humus and the degree of division of the particles, whether 
the latter are fine or coarse grained. It is for this reason 
that sand and clay represent, ordinarily, the extremes. 

5. Classification of Soils. 

For the purposes of sylviculture soils may be classified, 
either according to their chemical composition, or according 
to one or other of their physical properties. 

a. Classiflcatmi according to Ghmical Composition. 

It is, of course, out of the question to attempt a classifica- 
tion according to all component substances, nor is it necessary, 
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because the importance of the four substances, sand, clay, 
lime and humus, outweighs that of all other substances so 
much, that the latter need not be taken into account in this 
place. 

The subjoined table gives the composition of the ten principal 
classes of soils (according to Church) : — 


Name of Soil. 

Peecentage of : 

Clay. 

Caliimm 

Carbonate. 

Siind. 

Organic 

Matter. 

1. Loams or Free Soil . 

20—30 

5—10 

50—70 

2 — 5 

2. Clays .... 

over 40 

under 5 

under 50 

2—5 

3. Clay-sands 

„ 30 

)i '"5 

0 

1 

o 

2—5 

4. Marls .... 

„ 30 

5—10 

under 50 

2-5 

5. Peaty Clay 

„ 30 

under 5 

„ 50 

over 5 

6. Sands .... 

under 10 

5 

over SO 

2-5 

7. Calcareous Sands 

10 

.5—10 

„ 70 

2—5 

8. Peaty Sands . 

„ 10 

under 5 

„ 70 

over 5 

9. Calcareous 

„ 10 

over 10 

50—70 

2—5 

10. Peats .... 

„ 10 

under 5 

under 50 

over 35 

Note. — Lime improves ! 

2, 3, 5 and S 



Draining improves 2, 4, 5 and 10. 


Irrigation improves 6 and 7. 



Soils of subordinate importance are : — 

Dolomite, a chalky loam with much magnesium carbonate. 

Gypsum, a soil which is rich in calcium sulphate. 

Salt soil, which contains an excessive percentage of salts, 
especially sodium chloride. 

Ferruginous soil, which contains an excessive proportion of 
ferric oxide. 

According to the preponderance of one or other of the 
principal ingredients, numerous subdivisions have been made, 
such as sandy, or marly clays ; loamy sand, sandy loam, 
marly sand, sandy marl, etc. 

Clay, loam and calcareous soil are, as a rule, minerally 
strong soils, while sandy soils are less strong. Humus soil 
may be mild, dry, or sour humus soil ; the first acts very 
favourably upon tree growth, the two latter unfavourably. 
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Soils may also be classified according to the rapidity with 
which the humus is decomposed, as : — 

Very active soils : Such as dry porous sand and calcareous 
soils, in which the decomposition of humus is excessively 
quick. 

Active soils : Such as moderately moist loamy sand, sandy 
loam and loamy marl, in which the decomposition of 
humus proceeds at a rate favourable for growth, without 
actually exhausting the supply of organic matter. 

Moderately active soils : Such as stiff clay, wet soil, heather 
soil, where the decomposition is too slow for a healthy 
development of most plants. 

Inactive soils: Such as peat soil, shifting sand, etc., in 
which, either from excess of moisture or absence of 
humus and rest, little or no decomposition takes place. 

1. Glassification according to Physical ProjperUes. 

Of the various physical properties the degrees of consistency 
and of moisture are of special importance in sylviculture. 
According to consistency, soils may be classified in the following 
manner : — 

Light soils: All soils which contain much coarse grained 
sand or much humus. 

Loose soils : Such as peat; moor soils, which are elastic 
and swell during rainy weather; they are also much 
lifted by frost. 

Binding soils: Soils of moderate cohesion, such as fine 
grained loamy sands, coarser grained sandy loams, 
calcareous soils, especially marl. 

Heavy soils : Such as fine grained loam, clay with coarse 
sand. 

Stiff soils : Such as clay with a limited quantity of fine 
grained sand. 

In classifying soils according to the degree of moisture, a 
distinction must be made between the average degree of 

s. 


D 
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moisture and the condition of the soil during the growing 
season, as set forth in the following arrangement: — 

Wet soil : Water flows from it without the application of 
pressure. — Even in summer water runs off in drops on 
the application of pressure. 

Moist soil : On pressure being applied, water falls in 
drops. — During summer the soil does not become dry 
beyond one inch below the surface. 

Fresh soil : Leaves traces of moisture on the palm of the 
hand on being pressed. — During summer it does not 
become dry beyond six inches below the surface. 

Dri/ soil : Has lost the dark colour due to the presence of 
moisture, but does not fall to dust on being broken. — In 
summer it becomes 'dry to a depth of 12 inches within 
a week after a good soaking rain- 
Arid soil : Falls to dust on being broken. — In summer it 
dries up to a depth of more than 12 inches within a few 
days after a good soaking rain. 


Section IV. — Effect of the Soil upon Foeest 

VEaSTATION, 

In estimating the effect which differently constituted soils 
have upon forest vegetation, and more especially upon tree 
growth, the forester is guided by the demands made by the 
trees upon the soil. Ordinarily the soil should provide the 
tree with : — 

{a.) Stability. 

(i>.) Space for a suitable spreading of the root system. 

(c.) Moisture, in suitable quantities at all times. 

(d.) Nourishing substances, in sufScient quantities and in a 
condition suitable for absorption by the roots. 

Any soil which meets these requirements is fertile for sylvicul- 
tural purposes, and experience has shown, that fertile forest 
soil must possess the following properties : — 

(1.) A sufficient depth. 
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(2.) A suitable degree of porosity. 

(3.) A suitable degree of moisture. 
(4.) A suitable chemical composition. 


1. Sufficient Depth. 

The depth is measured by the thickness of the layer of 
soil, and of that portion of the subsoil which can be pene- 
trated by the roots. In due proportion to depth are the space 
available for the root system, the store of nourishing sub- 
stances, the stability of the trees, and the state of moisture 
in the soil. 

The root system differs considerably in the several species ; 
some develop a tap root, which is maintained for a shorter or 
longer period, such as oak, elm, Scotch pine, silver fir, maple, 
sycamore, ash, lime, larch ; others have strong side roots, 
which send down deep going rootlets, such as alder ; others 
again go to a moderate depth, as beech, hornbeam, aspen and 
birch ; finally some spread altogether near the surface, such 
as spruce. The nature, composition and degree of moisture 
of the soil modify the root system to some extent, which in 
young trees frequently differs from that in older trees. 

On the whole, certain species thrive well only in deep soil, 
while others can subsist in shallow soil, though they prefer 
the former. The best indicator of the depth of soil is the 
height growth. A sufficient depth produces full height 
growth ; with deficiency of depth the height growth falls off. 

Hess^ classifies the trees as follows, in respect of their 
demands for depth of soil : — 

Species which are satisfied with shalloiv soils : Spruce, 
mountain pine, birch, aspen, mountain ash. 

Species ivhich require moderate depth : Austrian pine, Wey- 
mouth pine, beech, hornbeam, black poplar, tree willows, 
alder, horse chestnut. 

* Encyldopftclie imd Methodologie tier Forstwissenschaft, by Dr. Richard 
Hess, 18 SS. 

n 2 
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Species which require greater depth : Scotch pine, Cembran 
pine, elms, Norway maple, sycamore, white poplar. 

Species which require greatest depth : Silver fir, larch, ash, 
lime, sweet chestnut, and especially oaks. 

A.t the same time, the roots of these species go rarely to a 
depth of 4 feet below the surface, unless they do not find 
sufficient moisture in the upper layers of the soil, a case 
occurring in countries with a long dry season. 

2. A suitable Degree of Porosity. 

Neither too firm nor too loose soils are favourable for tree 
growth. Too firm soils make the penetration of the roots 
difficult, if not altogether impossible, prevent the admission 
of the necessary air, interfere with the movement of water, 
and incline towards swampiness, accompanied by increased 
danger from frost, and by strong shrinking and cracking in 
summer. Too loose soils endanger the stability of the trees, 
are liable to be carried away by water or wind, suffer from too 
rapid drying and too rapid decomposition of the humus, and 
the plants growing in it are subject to frost lifting. The best 
soils are of middling consistency, such as loam and calcareous 
soils with a good layer of humus. 


3. A suitable Degree of Moisture. 

By a suitable degree of moisture is here understood that 
degree which corresponds to the natural requirement of any 
particular species, which it is desired to grow. The more 
uninterruptedly that degree is maintained throughout the 
growing season, the more favourable will be the development 
of the tree. 

Apart from climate and subsoil, the condition of the soil 
itself, its depth, porosity, the nature and proportion of its 
component parts, affect the degree of moisture. The forester 
can do much, either to preserve moisture in the soil by 
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excluding or reducing the agencies which dissipate it, or, if 
there is excess of moisture, by accelerating its consumption, 
or by draining. 

The absolute quantity of moisture required annually by 
each species is still under investigation, but experience has 
shown, that a iresh soil with, as far as practicable, an even 
and constant degree of moisture suits most of the species 
enumera^ above. For the rest, they may be classified as 
followBa- — 

Mmt moisture in the soil demand : Common alder ; next to 
this ash, most poplars and willows. 

Moist soil like : Cembran pine, hornbeam, elm, lime, 
mountain ash, pedunculate oak. 

Fresh soil hke ; Silver fir, spruce, larch, beech, sessile oak, 
Norway maiile, sycamore, Weymouth pine sweet 
chestnut. 

On dri/ sod thrive : Corsican pine, Scotch pine, Austrian 
pine, birch, acacia, aspen. 

4. A suitable Chemical Composition. 

Apart from water and gases, the soil consists of mineral 
and organic substances. These affect the development of the 
trees partly by providing nourishment and partly by determin- 
ing the physical properties of the soil. Woody plants take by 
far the greater portion of their nourishment from the air, more 
especially carbon, but a certain portion, including the mineral 
substances, is derived from the soil. Hence it is of importance 
to ascertain the actual quantities of such substances in the 
plant. The contents of mineral substances vary in different 
parts of the tree ; thus Avood taken from the stem generally 
contains less than 1 per cent, of ashes (according to weight), 
branches and twigs about 2 per cent., bark alone 2 — 3 per 
cent., and leaves and needles from 4 — 6 per cent. Eber- 
mayer^ gives the following quantities of the more important 


Physiolop:ische Ohemic der Pflanzeii, Volume I , pa"e 7G] 
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subsiances, which an average crop takes from the soil, per 
acre and year : — 


Table showing the principal Mineral Substances taken Annually 
BY VARIOUS Field and Forest Crops from an Acre op Land. 


Descrijjtion of Crop. 

Total 
Quantity 
of Ashes. 

KaO. 

CaO. 

MgO. 

P2O3. 

SO3. 

SiOo. 


lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

Field Crojiii : 

Rye, wheat, barley, oats 

18G 

28 

14 

9 

21 

4 

100 

Leguminous Crops, 

various 

173 

44 

41 

11 

27 

9 

9 

Colza .... 

199 

.52 

39 

14 

43 

27 

9 

Clover (hay) 

303 

98 

107 

27 

36 

11 

9 

Potatoes 

231 

107 

36 

18 

32 

14 

8 

Beet .... 

320 

164 

36 

24 

28 

11 

14 

Meadow Hay 

291 

71 

44 

IS 

27 

11 

107 

Tobacco 

2U 

oo 

27 

13 

16 

12 

75 

Wine .... 

199 

84 

41 

15 

24 



Average . 

235 

78 

43 

17 

28 

11 

37 

Cn>j)s of Tfecs. wood and 
lea res : 

Beech, high forest 

194 

13 

89 

15 

12 

4 

56 

Silver fir „ 

123 

16 

75 

10 

10 

4 

8 

Spruce ,, 

138 

8 

62 

8 

7 

3 

45 

Scotch pine ,, 

52 

6 

24 

5 

4 

2 

6 

Average . 

126 

11 . 

62 

10 

8 

3 

29 

Crojis of 'Trees, icood only : 
Beech, high forest 

27 

n 

13 

3-7 

2-3 

03 

2-7 

Oak 

24 

2*7 

18-7 

0-9 

0'9 

0-2 

0-4 

Silver fir „ 

17 

6 

4 

3 

1*8 

0-9 

0*9 

Spruce ,, 

20 

4 

9 

2 

1*3 

0*6 

4 

Scotch pine „ 

13 

2 

8 

1 

0-9 

0-2 

0-4 

Birch, high forest 

12 

2 

4 

2 

1-2 

0*1 

0-9 

Average . 

19 

4 

9 

2 

1*4 

■ 0-4 

1-6 


The data of this table justify the following conclusions : — 
(1.) The substances required by forest trees are, qualitatively, 
the same as those required by field crops. 

(2.) Beech high forest requires for the production of leaves 
and wood nearly as much mineral substances as an average 
field crop ; it requires more lime, but much less of the rarer 
substances, such as potash and phosphoric acid. 

(3.) Conifers require smaller quantities, especially Scotch 
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pine, which is satisfied with about one-fourth of those wanted 
by beech. 

(4.) For the production of wood alone (excluding the leaves) 
forest trees require much smaller quantities, than field crops. 
Thus beech takes only one-ninth, Scotch pine about ^^th, and 
the six species enumerated on an average about ^th of the 
quantity required by field crops. Of the rarer substances, 
potash and phosphoric acid, trees take, on an average, only 
about 2 \jth of the quantity necessary for field crops. 

(5.) Almost any soil can furnish a sufficient quantity of 
mineral substances for the production of a crop of trees, 
provided the leaf mould (humus) is not removed, and good 
soils will continue to do so, even if a certain portion of the 
humus is taken away. If, however, the removal of litter is 
carried on annually and for a long period, any but really 
fertile soils are likely to become exhausted, just as lands, on 
which fields crops are grown, cannot as a rule go on for ever 
without manuring. 

(6.) Poor soils, wffiich are not capable of producing a crop 
of broad leaved trees, may yet be able to yield a fair return if 
planted with less exacting conifers, especially Scotch pine. 

The above conclusions agree with the results of practical 
experience. It has been found, that the quantity of wood 
production is not directly proportionate to the quantitj^ of 
mineral nourishing substances in the soil. Again, woods 
thrive equally well on soils of the most different geological 
origin, while great differences exist in the development of one 
and the same species if grown on soils of the same geological 
origin. These phenomena are explained by the great import- 
ance of the physical properties of the soil, depth, porosity and 
a proper degree of moisture. To ensure a favourable condition 
of the physical properties should, therefore, be the forester’s 
chief aim, and this he can do best by preserving the humus, 
especially on middling and poor soils. Humus increases the 
depth of the soil, absorbs from the atmosphere considerable 
quantities of aqueous vapour, carbon dioxide and ammonia ; 
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it is capable of holding a large quantity of water, which 
it gradually gives up to the lower layers of the soil; it 
loosens too firm a soil, and gives somewhat more consistency 
to a soil which by itself is too porous ; finally it moderates 
the extremes of cold and heat. The poorer a soil the more 
important is the preservation of the humus, provided it is 
not acid. 


5. Summary. 

Summarising all the demands which forest trees make on 
the soil, it may be said that all species like a soil which is 
minerally rich, deep, porous, fresh, warm and rich in humus,, 
such as a mild loam with a good layer of humus. Some 
species find the necessary conditions more on one class of soil 
than on another ; for instance, oak, beech, ash, elm, maple, 
and Austrian pine, like a certain quantity of lime in the soil, 
jDrobably less on account of its chemical composition than of 
the physical qualities which an admixture of lime produces. 
Most coniferous trees, on the other hand, are more frequently 
found on loamy and sandy soils. 

Though all trees like a good fertile soil, the several species 
differ considerably as to the minimum of fertility on which 
they can thrive ; that is to say, some are more exacting in 
their demands than others. In this respect the following 
scale is suggested : — 

Least exacting are : Austrian pine, Scotch pine, Weymouth 
pine, birch, poplars, tree willows, mountain ash, acacia, 
mountain pine, white alder. 

Moderately exacting are : Spruce, Cembran pine, larch, 
common alder, lime, osiers, horse chestnut, hazel, 
hornbeam, Norway maple, Douglas fir. 

Most exacting are : Silver fir, beech, sweet chestnut, sessile 
oak, sycamore, ash, elm, and pedunculate oak. 

It will be observed that the valuable broad-leaved species 
are, on the whole, more exacting than the soft broad-leaved 
species and the conifers. 
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Any classification like that given above must, however, be 
received with some caution ; its object is merely to give a 
general idea of the subject. In practice deviations occur 
constantly, according to the local conditions under which the 
trees grow. 


Section V. — Effect of Forest Vegetation on the 
Locality. 

It has been shown in the previous sections that the 
condition of the locality governs the growth of forest trees. 
It is now necessary to consider the effect of forest vegetation 
on the locality, more especially on two of its factors — 
humus and moisture. This effect is chiefly produced by the 
following two agencies : — 

(1.) The protection which growing woods afford to the soil 
and adjoining layers of air. 

(2.) The humus which is formed by the fall of the leaves, 
branches, twigs, flowers, fruits, etc., and by certain 
plants growing under the shelter of the trees. 

In well stocked, or crowded, woods the crowns of the trees 
form a thick leaf canopy, or complete cover overhead. If 
the trees are all of the same age and height, the leaf canopy 
is at a uniform height above the ground, that height being 
at first small, but increasing with age. In woods of uneven 
age the cover is of a somewhat different nature ; it consists 
of groups of crowns at varying distances from the ground. 
In either case the cover overhead protects the soil and 
adjoining layers of air against sun and wind ; in even aged 
woods more against sun, and in uneven aged woods more 
against wind. 

Again, the trees shed their leaves, flowers, fruits, and even 
branchlets, while mosses and other plants, which thrive 
under the shelter of the leaf canopy, die ; thus a layer of 
humus on the soil is formed. Finally the roots of the trees 
penetrate into the soil and keep it together. 
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The shelter from above, the humus on the soil, and the 
>ts of the trees together jproduce certain effects, which may 
summarised as follows : — 

(1.) The temperature of the soil and the adjoining air is 
lowered during the day and raised during the night ; 
hence the extremes of temperature are moderated, 
and the climate rendered more equable. 

(2.) The mean temperature of the soil and the adjoining 
air is lowered. The reduction is greatest in summer, 
next in spring, next in autumn, and it is slight in 
winter ; it is also greater in the soil than in the 
adjoining air. 

(3.) The relative humidity of the air is increased, the eva- 
poration from the upper layer of the soil reduced, and 
precipitation may be increased. 

(4.) A favourable degree of moisture in the upper layer of 
the soil is maintained.^ 

(5.) Noxious forest weeds are kept in check. 

(6.) A steady and suitable progress in the decomposition 
of the humus is ensured, whereby the physical 
qualities of the soil are improved, or at any rate 
maintained. 

(7.) An additional supply of organic and nitrogenous 
matter taken by the plants from the atmosphere and 
brought into the soil by the falling leaves, flowers, 
fruits, and twigs, decaying mosses and other plants, 
is procured. 

(8.) The soil is protected against the mechanical action of 
water and air currents. 

In order to produce these effects in a high degree, it is 
cessary that the leaf canopy should be dense, so that it 
t only keeps out sun and air currents, but also yields a 
avy fall of leaves for the production of humus. Only 


' Recent investigations made in Russia and in France seem to indicate, that 
I level of the ground water in the soil is lowered by a crop ot forest vegetation 
localities with a small or moderate rainfall. 
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certain species of forest trees possess these two qualifications. 
During youth most species answer,' no doubt, very well; 
with advancing age, however, the crowns are not only lifted 
higher and higher from the ground, but most species thin 
out considerably. The result is, that the leaf canopy be- 
comes more and more interrupted and thinner, followed by a 
crop of noxious weeds, or too rapid decomposition of the 
humus, accelerated evaporation of the moisture from the 
upper layer of the soil, and generally a reduction of the 
fertility of the soil. To prevent sach results, the forester 
must either cut over the woods before the process of thinning- 
out has proceeded too far, or underplant such woods, or 
cultivate species which are cajiable of maintaining a comj)lete 
cover overhead up to an advanced age. 

Amongst the timber trees with which this book deals, 
beech, silver fir, spruce, and hornbeam, are the species 
which, above all others, preserve a complete leaf canopy 
until, or nearly to, maturity. These are shade bearing 
species. All other species are, with certain modifications, 
less capable of preserving the factors of the locality ; the 
greater their light requirement and the thinner their crowns, 
the smaller is their capacity in this respect. Those least 
suitable are birch, poplars and acacia ; next willows, larch, 
most pines (with advancing age), oak, ash, elm, Norway 
maple, sycamore, and alder. 

The production of humus from fallen leaves is greater in 
woods consisting of broad-leaved species than in coniferous 
woods, because the more important broad-leaved species are 
deciduous and shed the whole of their foliage every year, 
while, with the exception of larch, the conifers are evergreen. 
The silver fir sheds about one-ninth of its foliage annually, 
spruce about one-seventh, the pines about one-third to one- 
fourth. The production of humus from fallen leaves is, 
generally speaking, greatest w^hen the rate of height growth 
culminates. 

The accumulation of humus depends greatly on the 
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rapidity with which the leaves are decomposed, a process 
which is regulated by the species, degree of cover overhead, 
and the character of the locality. Grenerally speaking, 
needles decompose more slowly than leaves. Of needles, 
those of the larch decompose most quickly, next perhaps 
those of Weymouth pine, Scotch pine, and Austrian pine, 
last those of silver fir and spruce. Of leaves, those of ash, 
alder, hornbeam, lime, and hazel decompose quickly; more 
slowly the leaves of oak, birch, and sweet chestnut. The 
leaves of beech stand perhaps half-way, but as beech woods 
enjoy a dense shade, their accumulation of humus is much 
greater than that found in oak or birch woods. On cal- 
careous and sandy soils, humus decomposes more quickly 
than on loam and clay soils. It is also more rapid in warm 
low lands than in cloudy mountain regions. The most 
suitable, or normal, time for the process may be put at two 
to three years, when the most favourable results in respect of 
quantity and quality of humus are produced. 

A few words about each of the more important species 
will not be out of place here : — 

Beech improves the soil in the highest degree, because it 
has a dense crown and jdelds a heavy crop of leaves, which 
decay slowly. Beech woods, if undisturbed, show a thicker 
layer of humus than woods of any other species. ’ 

Hornbeam approaches beech in this respect, though it 
does not equal it. 

Lime gives good shade and a heavy crop of leaves, but its 
timber is of such inferior quality that it is rarely planted 
for economic purposes. 

Sweet chestnut sheds a heavy crop of leaves, but the leaf 
canopy is comparatively incomplete, admitting too much sun. 

Oak, ash and toillotv have too thin a leaf canopy to do 
justice, generally speaking, to the locality. 

Silver fir and spruce are capable of preserving a dense 
cover overhead up to an advanced age. 

Evergreen conifers, other than silver fir and spruce, though 
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they may not possess a dense leaf canopy, are often capable 
of preserving the fertility of the soil for a certain period, 
because under their half shade mosses grow, which protect 
the soil just as well as a thick layer of leaves. When the 
conifers begin to thin out to some extent, the mosses dis- 
appear gradually, except in very moist localities ; hence these 
species should not by themselves be treated under a high 
rotation, except in very fertile soils. Of the conifers which 
are here referred to, Weymouth pine, Austrian pine, Cembran 
pine, and mountain pine have a fairly dense leaf canopy, 
and yield a considerable crop of needles, more especially 
Weymouth pine. Scotch pine has a thinner crown, and a 
tendency to open out after the age of thirty or forty years, 
when the moss is liable to disappear and to be replaced 
by a crop of grass or heather. At the same time, the 
density of the leaf canopy of this tree differs very consider- 
ably according to the conditions under which it is grown. 
The Scotch pine grown in the moist climate of the British 
Isles gives a much denser cover, than when grown in dry 
continental climates. 

Larch provides but a thin leaf canopy in summer, and is 
leafless in winter. It begins to thin out at an early age ; 
the moss disappears quickly, is replaced by grass, and the 
needles decay rapidly, so that the tree is unfit for preserving 
the fertility of the' soil. 

The power of preserving the factors of the locality which 
is peculiar to the several species, governs their adaptability 
to be raised in pure woods, a subject which will be dealt 
with further on. 


Section VI. — Assessment or the Quality of the 
Locality. 

It is the duty of the forester to determine, in the case of 
any particular locality, which species is best adapted for 
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cultivation, so as to realise the objects of the proprietor. In 
order to attend to this duty successfully, means must be 
provided by which the quality, or yield capacity, of the 
locality can be readily ascertained. Various methods have 
been proposed for this purpose, of which the following two 
will be shortly considered here ; — 

(1.) Assessment -according to the several factors of the 
locality. 

(2.) Assessment according to a crop of trees already 
produced on or near the locality. 

Whenever the second method is possible, it should be 
followed; only in the -absence of a forest crop should the 
first method be adopted. 

A third method may be mentioned. It has been pro- 
posed to assess the quality of the locality according to the 
natural appearance of certain plants, wdiich would depend 
either on the presence in the soil of certain substances, or 
on certain other conditions of the soil. Though this holds 
good to some extent, the method of assessment by itself is 
without practical value in sylviculture, but it may be used 
as an auxiliary of the method now to be described. 


1. Assessment of the Locality according to its several Factors* 

The factors of the locality naturally arrange themselves 
into two groups, those of the climate and those of the soil 
and subsoil. 

As regards climate, it is necessary to ascertain: 

(a,) The geographical position of the locality, that is to 
say, the latitude, and in some cases, the longitude. 

(&.) The local peculiarities of the locality, such as altitude, 
aspect, slope, surroundings, temperature, moisture 
in the air, rainfall, exposure to strong, cold or dry 
winds, susceptibility to late or early frosts, etc. 

All these matters have been dealt with in a previous 
section. 



ASSESSMENT OF THE LOCALITY. 


47 


Turning to the soil, the following points, as already 
indicated, require attention : — 

(a.) The depth of the soil. 

(b.) The degree of porosity. 

(e.) The degree of moisture peculiar to the soil. 

(cL) The chemical composition. 

A detailed examination of the factors of the soil is a com- 
plicated and difficult operation, which it is not intended to 
describe here. There is, however, a somewhat rough and 
ready method, which generally suffices for sylvicultural 
purposes, and which will be shortly indicated. 

The most’ convenient way of examining the soil is to dig 
a hole, if possible in a spot which promises to yield average 
results. On fairly level ground the spot should be selected 
on an average part of the area, that is to say, neither in any 
small depression nor on any slight elevation which may exist. 
In hilly or mountainous localities, separate holes must be 
dug on the ridge, the slope and at the bottom of the valley. 
The depth of the hole must be at least equal to the depth to 
which the roots ordinarily penetrate, that is to say, 3 to 4 
feet. Where rock is met at a smaller depth than this, its 
stratification and general composition should be ascertained, 
as well as its effect upon the regulation of moisture and 
the stability of the trees. One side of the hole, at any 
rate, should be perpendicular, so that the thickness of the 
successive layers of the soil can be measured, in so far as 
they are indicated by different colour, different degree of 
cohesion, and other outward signs. The depth to which 
the soil is coloured dark by humus should be specially 
noted. 

This operation will show, whether the soil is sufficiently 
deep to admit of a proper spreading of the roots, and if not, 
the examination of the subsoil will indicate, how far the 
latter can make up for the shallowness of the surface soil. 
The same operation will indicate, what effect the depth and 
nature of the soil have on the degree of moisture. Next 
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the degree of division, or the nature of the grain of the soil, 
must be ascertained. This can be done by shaking a sam- 
ple, if necessary of each successive layer, with about three 
times its volume of water in a graduated tube, until all parts 
are thoroughly separated ; the tube is then placed in a 
vertical position and watched. As coarse grains settle more 
quickly than fine grains, it follows that the time occupied 
compared with the thickness of the deposit indicates the 
degree of division of the particles. A high degree of division 
indicates a stiff soil, the presence of coarse grains the 
reverse, and thus an idea can be formed of the degree of 
porosity. 

If necessary, the capacity to absorb water, to attract it 
from the subsoil, to retain it, and the hygroscopicity of the 
soil can be ascertained by special experiments, but in practical 
sylviculture they are rarely called for. 

The exact composition of the soil can only be ascertained 
by means of a chemical analysis. In practice the forester 
can easily acquire the faculty of distinguishing in a rough 
and ready manner between the several constituents. He 
recognises : — Cla^ by a high degree of cohesion, a fatty 
feeling, active absorption of water while emitting a clayey 
smell, slow disintegration in water, slow drying followed by 
cracking, frequently a grey colour, etc, ; loaj?i by a lesser 
degree of cohesion than in the case of* clay, rougher feeling, 
quicker disintegration in water, and generally a more reddish 
colour ; lime by active effervescence if treated with an acid, 
porosity, light whitish to greyish- white colour, which is, how- 
ever, frequently turned red by iron, a rough but fine grained 
feeling, etc. ; sand by very slight cohesion, grinding between 
the teeth, or hard grainy feeling, immediate disintegration 
in water and rapid settling down in it, a light, glossy, shiny, 
yellowish-white colour, often converted into red by iron, into 
white by lime, into black by humus ; Immus by its porosity 
and light weight, peculiar smell like that of fresh garden 
earth, rapid disintegration in water, which remains dark 
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coloured for a long time, blackish colour which disappears on 
roasting ; iron by red colouring, etc. 

In order to recognise more easily the principal constituents 
of a soil and their proportion, a sample may be mixed in a 
glass tube with about twice its volume of water, well stirred 
until completely dissolved, and then allowed to settle. At 
the bottom of the glass tube the following deposits will be 
observed, beginning with the lowest : — 

First : The rougher grains of sand. 

Second : The finer grains of sand. 

Third : Lime, chalk and the coarser clay. 

Fourth : The finer clay and particles of humus. 

The thickness of the layers indicates the proportion of each 
substance. 

In spite of the most persevering attempts, experience has 
shown that the assessment of the locality in the manner 
indicated above is always subject to grave errors, because the 
various factors may compensate each other, replace one 
another, or may be altogether unassessable. To make 
matters worse, the factors are rarely the same over exten- 
sive areas, but change from one spot to another. On the 
whole, the method which Jhas just been indicated can only 
serve as a make-shift when no better means of assessment 
are available, or as a help in the application of the method 
now to be described. 


2. Assessment oj the Locality acco7*ding to a Crop of Trees 
produced by it 

When a locality has already produced a crop of trees, it 
may be assumed that, unless extraordinary events or irregu- 
lar treatment have interfered with the development of the 
trees, the effects of all its factors have found due expression 
in such crop, which is therefore the best guide for the as- 
sessment of the quality, or yield capacity, of the locality. 
If, for instance, an acre of ground has produced a total 
s. K 
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quantity of 5,000 cubic feet of wood in the course of 100 
years, the quality, or annual yield capacity, is represented by 
^1^=50 cubic feet, in other words, by the mean annual 
production. 

The applicability of this method depends principally on 
the following three conditions: — 

(a.) That the existing wood has grown up under normal 
conditions ; in other words, that no extraordinary dis- 
turbing events have occurred which affected the health 
and development of the crop, as, for instance, damage 
by cattle or deer, insects, fire, theft, removal of litter, 
faulty treatment, etc. 

(5.) That the factors of the locality have not undergone 
any decided change, either for the better or worse, 
during the production of the crop ; for instance, the 
stock of humus or the degree of moisture may have 
been affected by external interference. 

(c.) That the existing crop is of a sufficient age to make 
sure that the factors of the locality have found a 
thorough expression in the same, since a wood may 
thrive well up to a certain age and then fall off con- 
siderably. 

Whenever these conditions exist to a fair extent, the 
method of assessment is the best which is at the forester’s 
disposal ; and in its application he need not restrict him- 
self to a crop actually growing on the area, but may be 
guided by one growing on a neighbouring piece of land, 
provided the general conditions are about the same in both 
cases. 

A great quantity of data bearing on the yield capacity of 
land under forest has, in the course of time, been collected 
and brought together in so-called ‘‘ Yield Tables ” that is to 
say, tables which indicate the yield which an acre of land 
may reasonably be expected to give according to whether it 
. belongs to one or the other quality. 

The details regarding yield tables will be found in 
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Volume III. of this Manual. By way of illustration the 
following data may be given : — 


Total Production of Timber and Firewood in the course op One 
Hundred Years, in solid Cubic Feet per Acre. 



Total Production on the 


Species of Tree. 

L, or Best 
Quality. 

II, or 
Medium 
Quality. 

III., or 
Lowest 
Quality. 


Silver fir . . , 

Spruce .... 
Beech .... 
Scotch pine . 

Oak grown on alluvial 
soil .... 
Larch .... 
Alder .... 
Birch .... 

23,900 

22,200 

15,200 

13,500 

12,700 

12,100 

9,100 

7,900 

16,500 

14,000 

9.300 
8,500 

9.400 
6,800 

5.400 

4.300 

10,700 

7.200 

4.700 
3,500 

6.200 
1,800 

1.700 
1,100 

) Data derived 
[ from numerous 
r and reliable 
measurements. 

Data somewhat 
less 

reliable. 


The quantities given for the first quality are the highest 
which can be produced, and they are comparable for the 
several species ; the same may fairly be said regarding the 
figures given for the second, or medium, quality. The quan- 
tities given for the third, or lowest, quality are less com- 
parable, because the lowest limit suitable for the several 
species differs considerably. Of our more common forest 
trees, silver fir produces the greatest quantities, and spruce 
comes near it. As regards oak it should be noted, that the 
figures refer to woods grown on alluvial soil only ; there are 
as yet no data available for oak grown on other lands. 

Taking Scotch pine as an example, it may be said, that, 
if a locality stocked with it has produced 13,500 cubic feet of 
woody matter in the course of 100 years, that locality is of 
the first, or best, quality or yield capacity ; if it has produced 
8,500 cubic feet, it is of a medium quality ; and if the pro- 
duction amounts to only 3,500 cubic feet, the quality is of 
the lowest, on which that species is ordinarily grown. 

The quantities given above include all thinnings taken out 
of the woods in the course of the 100 years- 

E 2 
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CHAPTEE II. 

DEVELOPMENT OP FOREST TREES. 

In dealing with the sha^DG and development of forest trees, 
it is assumed that the student has already acquired a botanical 
knowledge of the several species, so that here only their sylvi- 
cultural characteristics need be described, more especially 
the shape peculiar to each species, the height, diameter and 
volume growth, lease of life, and reproductive power. 

1. Shape. 

Different species of trees naturally develop different shapes. 
Some species, like spruce, silver fir and larch, have a decided 
tendency to form a strong stem in preference to the develop- 
ment of the crown. Others, like oak, lime and sweet chestnut, 
develop their crown in preference to the stem. Some species 
are frequently forked, as ash, false acacia, and also elm. 
Cembran pine often shows a candelabra-like shape, especially 
in stony localities. The actual shape depends, however, on a 
variety of influences, amongst which the following may be 
mentioned : — 

a. Oroiving Space, 

The individual character of a tree can be best recognised if 
it has grown up in a free position, so that its natural develop- 
ment has not been interfered with. When trees have been 
reai'ed in this way their shapes can be arranged in the 
following classification : — 

An nndivicled stem thronglioui have : Spruce, silver fir, larch, 
also Weymouth pine. 

Divided in the upper part only are : Scotch pine, alder, 
beech, black poplar, Cembran pine. 
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Divided somewhat lower down are : Ash, Norway maple, 
sycamore, elm, sessile oak, sweet chestnut. 

Decidedly hrancliing ivith a divided stem comparatively low 
down : Pedunculate oak, lime, hornbeam, mountain pine. 

The shape is considerably altered when the trees are grown 
in crowded woods, where each enjoys only a limited growing 
space. In that case all species have a greater tendency to the 
development of stem than of crown, and this is in the same 
proportion as the species is light demanding and the growing 
space reduced. Thus the crown of the silver fir covers often 
the whole of the upper half of the tree, that of spruce the 
upper third (and generally a little more), also that of beech 
and hornbeam ; the crown of larch, Scotch pine, oak, birch 
and aspen is reduced to the uppermost part of the stem. The 
effect is, that the more elevated the crown is, the nearer will 
the shape of the bole approach that of a cylinder, and conse- 
quently the more valuable it will be. 

1). Aye. 

All species, when grown in crowded woods, develop during 
the early part of life a conically shaped crown, but when they 
approach their full height the crowns differ considerably, so 
that the following classification applies : — 

A conical crown with thin hranclies have : Spruce, silver fir, 
larch. 

An egg-shaped croivn have : Elm, beech," Norway maple, 
sycamore, birch, .sessile oak. 

An inverted hroom shape, horizontally extended, with strong 
hranches, have : Pedunculate oak, sweet chestnut, black 
poplar, lime. 

After the height growth has been completed the crowns of 
trees become flat or rounded off, more or less extending in 
breadth. Only spruce makes an exception, as the leading 
shoot continues to grow up to a great age, though very slowly. 

The practical conclusion to be drawn from these peculiarities 
is, that only shade bearing species, which are satisfied with a 
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limited growing space, are capable of preserving a complete 
cover up to an advanced age, such as silver fir, spruce, beech, 
and also hornbeam. Much inferior in this respect are ash, 
Scotch pine and larch, chiefly because they are light demand- 
ing ; also maple and sycamore. If to the demand for light 
is added a strong tendency to develop branches, then the 
interruption of the cover occurs early, as in the case of oak 
(especially pedunculate) and sweet chestnut. This tendency 
is the more pronounced, the less suited the locality is for the 
species. 

c. Soil. 

The nature of the soil influences the shape of the trees in 
the case of all species. Fresh, deep, fertile* soils encourage 
height growth. Shallow, rocky soils produce only short 
stems with a tendency to divide the stem and develop 
branches. 

cl Situation. 

The development of stem decreases with rising elevation, 
while that of branches increases. At great elevations the 
shape is reduced to that of a shrub or bush. Similar pheno- 
mena are observed on proceeding north, and in localities 
exposed to cold winds. Trees exposed to continuous strong 
winds, as near the sea coast, assume often a one-sided shape. 

2. Height Groioth. 

The energy of height growth differs not only according to 
species, but is also subject to considerable modifications in the 
case of one and the same species, according to the age of the 
tree, the locality, method of formation and the treatment. 

a. Sj}ecies. 

Amongst the trees of Central Europe, spruce, silver fir, 
larch and Weymouth pine attain the greatest height; they 
ordinarily reach a height of 120 feet, and under favourable 
conditions, much more. 
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Next come : Beech, Scotch pine, oak, ash, lime, elm, Norway 
maple, sycamore; then poplar and birch. These species do 
not, except under specially favourable conditions, exceed a 
height of 110 feet. 

Beech reaches in Normandy a height of 170 feet ; oak one of 
150 feet, but these are exceptional heights. Douglas fir, if not 
exposed to strong winds, is likely to reach a still greater height. 

Next come : Austrian pine, Cembran pine, hornbeam, alder, 
willow. They 'do not, as a rule, exceed 75 feet in height. 

5. Age. 

The energy of height growth during the first part of life is 
of special importance in sylviculture. Generally, the light 
demanding species are at this time faster growing than the 
shade bearing species. Assuming favourable conditions of 
growth as found in the natural home of each species, they 
may during youth be arranged as follows, commencing with 
the fastest growing kind : — 

Birch, larch. 

Aspen, alder, Norway maple, sycamore, ash, lime, elm. 

Douglas fir, Weymouth pine. 

Scotch pine. 

Austrian pine. 

Sweet chestnut, oak. 

Beech. 

Hornbeam. 

Spruce, Cembran pine. 

Silver fir. 

Yew. 

As soon as the first youth, say up to 20 or 30 years, has been 
passed, a considerable change occurs. Some species, like larch, 
and under favourable circumstances also Douglas fir, Wey- 
mouth pine, Scotch pine and birch, preserve their fa,st growth 
until they have completed their principal height growth. 

Others, like Cembran pine and hornbeam, remain slow 
height growers throughout life. The majority of species, 
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however, increase their rate of height growth considerably, 
and this is specially pronounced in spruce, silver fir, also 
beech and oak, so that they soon reach and surpass trees 
like ash, Norway maple, sycamore, aspen, which do not grow 
at the same rate. 

The duration of height growth in the more advanced 
periods of age is greatest in those species in which the 
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Fig;. 1. — Diagram illustrating the Eelative Height Growth of SiDriice, Silver Fir, 
Beech, and Scotch Pine on Localities of the First Quality. 


development of stem naturally predominates over that of the 
crown, such as spruce, silver fir, larch, Douglas fir, and Wey- 
mouth pine, and these species reach ultimately the greatest 
height. 

Among broad-leaved species, sessile oak, elm and beech 
preserve their height growth longest. In the case of the 
other broad-leaved species, the crown is rounded off at an 
earlier period, when height growth ceases. 
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c. Locality. 

The factors of the locality have a decided effect upon height 
growth. It has alr.eady been pointed out that deep, fresh, 
fertile soils produce much higher trees than shallow, dry, 
rocky soils. Elevation exercises also a considerable influence. 
It may be said that every species shows its greatest height 
growth at that elevation which offers the most favourable 
climatic conditions for its growth ; above that elevation the 
height growth decreases, and in many cases also below 
it. In situations exposed to strong air currents and other 
unfavourable influences, height growth is comparatively small. 

d. Methods of Formation and of Treatment. 

They affect the height growth principally on account of 
their effect upon the establishment and preservation of a 
complete leaf canopy. The more complete the cover, the 
better will be the effect upon the height growth of most 
broad-leaved species, Scotch and other pines; it is less pro- 
nounced in the case of silver fir, spruce and larch. In this 
respect the manner in which thinnings are conducted is 
of paramount importance, a subject which is dealt with in 
Part III. of this volume. 

3. Diameter Growth. 

Generally speaking, the increase of the diameter of the 
stem (or bole) is, in the ease of all species, fairly pro- 
portionate to the height growth, that is to say, both height 
and diameter growth are greatest at the same period of life. 
In the case of light demanding species the diameter 
increment often reaches its maximum between the 20th and 
30th year of age, a good increment being maintained up to 
the 50th or 60th year, when it commences to fall off. Shade 
bearing species and oak reach the maximum diameter 
increment later on, but it is also longer maintained, often up 
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to the 90th year, before it commences falling off to any 
considerable extent. 

Apart from species, the diameter increment depends on — 
(a.) The quality of the locality. 

(&.) The amount of light which the tree receives and can 
utilize, in other words the extent of the crown, which 
is governed by the growing space. 

Limited space in a crowded wood reduces the diameter 



AGE, IN YEABS. 

Fig. 2. — Diagram illustrating tlie Diameter Growtli of Silver Fir, Spruce, Beech, 
and Scotch Pine, on Localities of the First Quality. 

increment, a free position increases it ,- hence height growth 
and diameter growth demand frequently opposite con- 
ditions. It is the business of the forester to give the most 
profitable growing space; in other words, to give to the 
individual trees from time to time sufficient room to en- 
courage diameter growth, without endangering the progress 
of the height growth. 

The effects of a great surface of foliage and unimpeded 
enjoyment of light are very remarkable, when healthy trees. 
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which have been raised in a crowded wood, are gradually 
given more growing space. Such an opening out cam, 
provided the period of height growth has not come to an end, 
produce a revival of the diameter increment, after its 
maximum has been passed, due to an increased leaf surface, 
or to a gi’eater intensity of action, even if the leaf canopy 
is not materially extended. This revival of diameter growth 
generally lasts for a number of years, differing according 
to species and quality of locality, when it gradually dies away 
again. Nor does a tree profit by an excessively large leaf- 
surface, because there is a limit, beyond which a tree cannot 
assimilate and convert into wood the nourishing elements 
available to it. 

Where both great height and diameter growth are wanted, 
it is best to keep the wood crowded during youth, and to give 
only a moderate growing space to each tree until towards the 
end of the principal height growth, when the growing space 
of each remaining tree should be gradually increased, so 
as to develop more extended crowns and greater diameter 
growth. This is only possible while height growth is still 
going on ; once that has stopped, the thinning out will not be 
followed by any appreciable extension of the crowns, which 
can only be produced by transferring to it the energy of 
height growth. The possibility of such a transfer is longest 
preserved in silver fir, spruce, oak, and beech. 

4. Volume Growth, 

The increase in volume depends on both height and 
diameter growth, and that method of treatment which 
promotes each in due proportion, must ultimately yield the 
largest volume ; in other words, woods should be neither too 
crowded, nor too open. In the one case thin tall trees, and in 
the other shoii thick trees would be produced. The most 
favourable density of the crop can only be ascertained by 
accurate statistics. General experience has shown that the 
greatest volume is ultimately obtained, if the woods are 
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moderately heavily thinned from their youth onward, but this 
interferes often seriously with the quality of the timber. 

Apart from these general considerations, a great difference 
exists in the volume produced by the several species when 
grown in regular woods ; in this respect some of the more 
important kinds may, according to the latest investigation, be 
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Fig’. 3. — Diagram illustrating tlie Production of Timler per Acre, ou Localities of 
the First Quality, by Spruce, Beech, Scotch Pine, aud Silver Fir. 

arranged in the following manner, commencing with that 
species which produces the greatest average increment, 
calculated for a prolonged space of time : — 

Douglas fir. 

Silver fir. 

Spruce. 

Weymouth pine. Larch. 

Beech. 
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Scotch pine. 

Oak. 

Ash. 

Birch. 

On the whole, conifers produce much larger volumes than 
broad-leaved species. The accompanying diagram (p. 60) 
will illustrate this. 

The increment laid on by an individual tree does not 



I'io* — I^iagram illustrating the JSlmber of Trees per Acre at Various Ages, and on 
Localities of the First Quality, of Spruce, Silver Fir, Beech, and Scotch Pine, 


by itself govern the increment produced per acre, because 
the latter is represented by the increment per tree multiplied 
by the number of trees per acre. For instance, if an acre of 
ground can hold 100 mature silver firs, each of which has a 
volume of 100 cubic feet, the total volume per acre will be 
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10,000 cubic feet ; if an acre can hold 50 mature oak trees, 
each with a volume of 150 cubic feet, the total volume per 
acre will be only 7,500 cubic feet, or 2,500 cubic feet less 
than in the case of silver fir. 

The number of trees which find room on an acre of ground 
depends chiefly on 

(a,) The light requirement of the species. 

(b.) The tendency of the species to develop the crown in 
preference to the stem. 

(c.) The quality of the locality. 

Hence, an acre stocked with the light demanding birch, 
ash, or spreading oak, contains a smaller number of trees and 
a smaller volume than an acre stocked with beech. Again, 
larch, and Scotch pine woods contain fewer trees and a 
smaller volume per acre than silver fir and spruce woods. 
The number of trees per acre on a fertile soil is considerably 
smaller than on an inferior soil. 

Full details on this question will be found in ’Volume III. of 
this Manual. In the meantime the accompanying diagram 
(p. 61) will give a general idea of the number of trees found on 
localities of the first quality in the case of spruce, silver fir, 
beech, and Scotch pine. 

5. Duration of Life. 

A great difference exists in the age which the various 
species attain ultimately. If grown under conditions which 
are in harmony with their requirements, the yew lives for 
more than 1,000 years, the oak comes often near that age, if 
it does not exceed it ; lime, elm and sweet chestnut reach and 
surpass an age of 500 years; beech reaches a similar age 
under favourable circumstances, but ordinarily both beech 
and silver fir die before that age. A limit of 300 years may 
be assigned to ash, maple, sycamore, spruce, larch, Scotch 
pine and hornbeam ; while aspen, birch, alder and willow 
live, under ordinary conditions, little beyond 100 years. 

In forestry the trees are, as a rule, cut over long before. 
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they have reached the natural limit of their life. Never- 
theless many cases occur, where trees have been grown under 
conditions which are not quite in harmony with their 
requirements, so that they die, or at any rate fall off in 
health and growth long before they would, in the ordinary 
course, be cut over ; hence it is of importance to consider the 
conditions under which the growth continues to be healthy to 
an advanced age. 

In the first place, the nourishing organs, crown and roots, 
must be able to develop normally in accordance with the 
requirements of the tree at the different periods of life ; 
in other words, they must be given at all times the 
required growing space, without, however, checking their 
height growth or interrupting the cover overhead for 
a lengthy period of time. Unless a tree is provided with 
a sufficient quantity of organs, it will not be able to 
overcome successfully internal and external damage which 
endangers its life. The power of resistance in this respect 
differs considerably in the various species. It is great in 
oak, hornbeam, lime, willow, elm, yew, and Cembran pine, 
but small in alder, Norway maple, sycamore, beech, spruce. 

The second condition of longevity is, that the locality 
should offer to the tree all it requires for a proper deve- 
lopment. On the whole it may be assumed that, where a 
tree is indigenous, it finds all it requires (though this is not 
without exceptions). Localities with different factors are 
liable to be unsuited to the species, either from offering too 
little or too much in respect of temperature and moisture, or 
insufficient nutriment and depth in the soil, etc. Either case 
may be injurious to the development of the tree, and 
especially to the quality of the timber produced. For in- 
stance, spruce is naturally fond of a cool climate ; by trans- 
ferring it to the dry and warm air of the low lands, it 
generally grows much more quickly, but does not yield 
the same quality of timber, is shorter lived, and subject to 
more dangers, than in its mountain home. 
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Trees raised in fully stocked compact woods do not live as 
long as w^hen grown in the open. Moreover, in that case 
various other important considerations must be taken into 
account. After having weighed these, the forester decides on 
the age limit which is most likely to realise the objects of 
management. 

What the objects* of management are, has been indicated in 
the Introduction to this volume. They govern the deter- 
mination of the rotation, or the time which elapses between 
the formation and final cutting over of a wood. Whatever 
motives may influence the determination of the rotation from 
a sylvicultural point of view, it should be so fixed under the 
method of natural regeneration as to admit of a proper 
regeneration of the wood, whether by seed or coppice shoots ; 
in other words, the wood must be cut over while the repro- 
ductive power of the species is in an active condition. For 
further details regarding the determination of the rotation 
the reader is referred to Volume III. 

6 . Reprodicctive Power. 

The tendency to reproduce the species manifests itself 
throughout nature ; in fact the energy devoted to reproduc- 
tion is frequently stronger than that bestowed upon the 
preservation of life. Forest trees, in obedience to this law, 
produce seed during a considerable part of their life, and in 
large quantities. 

In sylviculture, the reproduction of trees and woods is 
effected in two distinct ways, namely: — 

(ft.) From seed. 

(b.) From shoots which spring from the stool or the roots, 
followed, in many cases, by the division of the mother 
plant. 

ft. ReprodticUon from Seed. 

This is the more common form of reproduction, and on it 
depends the regeneration of high forest. 
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The greater the production of seed, and the better its 
quality, the more assured is reproduction ; both quantity 
and quality of the seed depend on the age of the trees, the 
locality, the available light and the species. 

(1.) Age. — The first point of interest is the time when the 
various species commence to produce seed fit to germinate. 
Apart from single trees here and there, the average period 
may be placed as follows,"^ in the case of trees grown in 
regular woods : — 

At the age of 25 — 30 gears: Mountain pine, birch, white 
alder, aspen, acacia. 

At the age of 30 — 40 years: Scotch pine, Austrian pine, 
Weymouth pine, larch, Norway mai)le, common alder, 
lime, horse chestnut. 

At the age of 40 — 50 years : Hornbeam, elm, ash, 
sycamore. 

At the age of 50 — 60 gea7^s : Spruce, sweet chestnut. 

At the age of 60 — 70 geai's : Beech. 

At the age of 70 — 80 yeao^s : Silver fir, Cembran pine, oak. 

The most favourable age for the production of seed is, 
ordinarily, that when the j)rincipal height growth is about to 
be completed, and when an extension of the crown takes 
place ; in other words, when the individual tree lays on its 
maximum volume growth. At that period the best seed is 
produced. Younger trees produce larger but fewer seeds ; 
older trees produce more numerous but smaller seeds. 

(2.) Locality, — Temperature is of first importance ; where 
that is deficient, the production of seed is seriously endangered. 
Tree seeds contain a comparatively large proportion of ash, 
and their production necessitates increased assimilation of 
substances from the soil; hence, fresh fertile soils produce 
more and better seed than poor soils. A crop of seed also 
requires large quantities of nitrogen, the supply of which is, 
in consequence, much exhausted. 

Some species no longer produce seed fit to germinate (or 

According to Hess. 

S* F 
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only in small quantities or in exceptionally favourable years) 
when they have been cultivated beyond the limits of their 
natural home, as, for instance, sweet chestnut and elm in the 
north of England. Other species are very accommodating in 
this respect, such as birch and Scotch pine. 

(3.) Light , — Increased assimilation requires an iiicreased 
supply of light to the crown ; hence trees growing in the 
open or on the edges of woods produce more seed than those 
hemmed in. Suppressed trees rarely produce seed, 

(4.) Species . — The power of reproduction from seed differs con- 
siderably in the case, of different species ; it depends on the total 
quantity of good seed produced during a certain period, or on the 
annual average- The quantityof seed is governed bytwo things : — 

(a.) The average yield of each seed year. 

(&.) The frequency of seed years. 

As I'egards the average yield per seed year, the species can 
be arranged into two sections as follows ^ : — 

Heavy crops : Beech, oak, spruce, Scotch pine, birch, horn- 
beam, elm, alder, aspen, willow. 

Lighter crops : Ash, maple, sycamore, silver fir, larch. 

On the other hand, the species may, as regards frequency 
of seed years, be arranged as follows : — 

Beech seeds only after intervals of six, eight, ten, and even 
more years. 

Oak, spruce, Scotch pine, and alder seed, on an average, 
every three to five years. 

The remaining species seed after shorter intervals, and 
some do so every year. 

Taking both factors into consideration, the species may be 
arranged into the following scale : — 

Best: Birch, aspen, willow. 

Next : Scotch pine, spruce, wych elm, hornbeam. 

Next : Norway maple, sycamore, silver fir, larch, lime, oak, 
alder, ash. 

Last: Beech. 


According to Gayer. 
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Another very important point is the size and nature of the 
seed. Species which have a small, light and winged seed 
reproduce themselves more easily and extensively, than those 
with a heavy or wingless seed. Moreover, it so happens, that 
the species with light or winged seeds, such as birch, aspen, 
willow, Scotch pine, spruce, are comparatively less sensitive 
in respect of the factors of the locality, than, for instance, 
oak, beech, silver fir, maple, and sycamore, with their heavy 
seeds. The consequence is, that the power of reproduction 
peculiar to the first named species is much greater than that 
of the last mentioned. Instances where oak and beech are 
ousted by Scotch pine and spruce can be frequently seen, 
while the latter, in their turn, have to struggle against the 
inroads made on them by birch, aspen, and willow. 

h. Rep'odnction from Stool shoots and Root sicchers. 

This method of reproduction applies to coppice woods. It 
occurs in two ways : — 

Either : On that part of the stem which remains, after a 
'tree has been cut down, dormant or adventitious buds 
develop into shoots ; they are called ‘‘ stool shoots.” 

Or : Buds are formed on the roots, which develop into 
aerial shoots, such shoots being called ‘'root suckers.” 

In both cases the nourishment and growth of the new 
individual depend on the continued root activity of the mother 
plant. If the ne^v individual is capable of producing root 
buds and of developing them into roots, it becomes inde- 
pendent of the mother plant ; in such a case reproduction is 
established by a division of the mother plant. 

Eeproduction in the manner just described is strongest 
during youth, and the faculty is maintained, according to 
species, for different periods of time. The better the condi- 
tions of growth, the longer will the reproductive power be 
maintained. A thin and young bark reproduces more freely, 
than thick and old bark. Favourable places are the neck of 
the root stalk and wounds. 

F 2 
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An essential condition of a copious reproduction in the 
manner described is full enjoyment of light ; stools standing 
under cover develop either feeble shoots or none at all. 

As regards species, the following classification may be made : — 

'The Reproduction is maintained beyond an age of 40 years 
in the case of: Oak, sweet chestnut, hornbeam, elm, 
alder. 

It ceases at an earlier age in : Beech, birch, Norway maple, 
sycamore, ash. 

The conifers have no power of reproduction of this class 
worth mentioning/ Larch shows best amongst conifers, and 
the three needled pines next. 

Some species produce only stool shoots, others only root 
suckers, and others again both: — 

Principally stool shoots : Oak, hazel, hornbeam, beech, elm, 
sweet chestnut, lime, black poplar, alder, ash, sycamore, 
maple, willow, birch. 

Principally root suckers: Aspen, white alder, false acacia, 
white poplar, and willows. 

The’ age to which stools live differs considex'ably, according 
to species and locality. While the stools of oak and hornbeam 
last for centuries, those of beech are comparatively short lived. 
The osiers in the Thames valley, if coppiced annually, are 
said to last only about 10 years. 
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CHAPTEE III. 

CHABACTER AND COMPOSITION OP WOODS. 

In sylviculture trees are only in exceptional cases reared in 
free positions ; as a general rule they are grown in consider- 
able masses, which form more or less crowded woods. Such 
woods may be composed of one species only, or they may 
contain a mixture of two or more species ; in the former case 
they are called xmre woods, and in the latter mixed woods. 
Naturally pure woods occur only under certain conditions, as, 
for instance, when the factors of the locality suit only one 
particular species, or when the vitality and energy of one 
species has gradually ousted all others. Species which appear 
naturally in pure woods are called gregarious. The bulk of 
the pure woods, which exist at present in Europe, are the 
result of artificial interference. By far the greater number 
of natural woods are mixed. 

Section I. — Pure Woods. 

Practically, woods are rarely quite pure, because in most 
cases specimens of other species, which it was not intended to 
rear, make their appearance uninvited. As long as such an 
admixture is slight, accidental and not taken into account by 
the management, the character of the pure wood may be said 
to be preserved. 

The principal advantage of pure over mixed woods is, that 
they are easier to manage, because the requirements of only 
one species have to be considered. On the other hand, they 
have often disadvantages as compared with mixed woods, 
which will be dealt with in section II. 
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The fitness of a species to be raised in pure woods depends 
on its capacity to preserve, or even improve, the factors of 
the locality, in other words, whether the species preserves a 
complete leaf canopy to an advanced age, and secures the 
accumulation of a sufficient layer of humus. As indicated 
in section IV.’ of chapter I., beech, silver fir and spruce act 
most beneficially in this respect, and next to these some of 
the pines. Apart from them, several others are frequently 
grown in pure woods, such as oak, larch, Scotch pine, birch, 
and willows, on account of their great utility. 

Of the remaining, or so-called dependent species, few are 
found in pure woods, and then only under special circum- 
stances; for instance, hornbeam replaces beech in frost 
localities, Cembran pine and mountain pine occur at high 
elevations, maritime pine on dunes near the seashore, alder 
in wet localities, sweet chestnut as coppice for pit wood, vine 
stakes, etc. On the whole it may be said, that dependent 
species may be grown as pure woods in the following 
cases : — 

(1.) If the factors of the locality are such that an imperfect 
cover and want of humus do not materially injure them; as 
in deep fertile soils, which enjoy an ample and well distri- 
buted rainfall, or which are kept moist by ground water or 
irrigation. 

(2.) If the woods are treated under a short rotation, so that 
they are cut over before any excessive interruption of the leaf 
canopy has set in ; or if it is intended to underplant them, 
when they commence to open out, as in the case of oak, larch, 
and Scotch pine. 

(3.) If the object is to utilise localities which are only fit for 
certain species ; for instance, alder and willow on wet soils, 
hornbeam in frost localities, etc. 

(4.) If only one species finds a ready market, or is required 
for a special purpose. 

Except in such cases, all dependent species should be raised 
in mixed woods. 
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Section IL — Mixed Woods. 

A mixed wood may be so arranged that every tree of one 
species alternates with a tree of another species, in which 
case the mixture is called one hy single trees. Or a group of 
trees of one species may alternate with a group of trees of 
another species, called a mixture hy groups ; in the latter case 
the groups must not be of such extent, that each acquires the 
character of a pure wood. Mixtures may also be arranged in 
alternate lines or strips. 

Mixed woods may be : — 

{a,) Permanent or temporary. 

{b.) Even aged or uneven aged. 

Temporary mixtures are ordinarily called for in the following 
cases : — 

(1.) When the intention is to obtain an early return, by the 
removal of one of the species, which should in that case be of 
rapid growth. 

(2.) When a tender species has to be protected (nursed) 
during early youth against frost or drought, as beech and 
silver fir, and to a less degree oak. In this case a hardy and 
fast growing species, such as Scotch pine, larch, birch, is * 
raised either simultaneously or beforehand, and removed 
when the tender species requires no further protection. Near 
the sea coast, it is generally necessary to grow first very 
hardy trees, so as to establish sufficient shelter ; more 
valuable trees may afterwards be introduced between the 
nurses. 

(3.) When both the above objects are combined. 

Permanent mixtures are established, because they are con- 
sidered to have advantages over pure woods. 

1. Advantages of Mixed Woods, 

(a.) Mixed woods admit of a more complete utilisation of the 
factors of the locality, and consequently they produce a larger 
quantity of wood, if the mixture is suitably arranged. Each 
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spot can be stocked with the species which is best adapted 
to the factors of the locality ; hence increased production 
follows. 

(&.) Unless very extensive areas are available, only mixed 
woods enable the forester to meet the various demands of the 
market. In the case of pure woods, and if a regular annual 
yield of each of several species is expected, a complete series 
of age gradations is required for each species, which, in the 
case of a limited area, would lead to small annual coupes. 
For instance, if the intention is to grow five species on an 
area of 500 acres under a rotation of 100 years, each cutting 
would extend, in the case of pure woods, over one acre, while 
in the case of a mixed wood, the annual cutting may be five 
acres in one block. 

It has already been stated, that only a few species are fit to 
be grown in pure woods. At the same time many of the other 
species yield a very superior quality of timber, o,r valuable 
minor produce. All these would more or less disappear under 
the system of pure woods, or at any rate they would not thrive 
so well and would not develop equally fine boles, as if grown 
in mixed woods. Large sized timber of many light demanding 
species can onl}^ be produced' by mixing them with shade 
bearing, and consequently soil preserving species. 

(c.) Many species suffer less from external injurious in- 
fluences, such as wind, fire, frost, snow, insects, fungi, if 
raised in mixture with other more hardy species. — A shallow 
rooted species had best be grown mixed with a deep rooted 
species. — Conifers are less exposed to damage by fire or 
snow, if mixed with broad-leaved species. — Insects are less 
dangerous in mixed woods, as they generally attack only one 
of several species ; moreover birds, the great insect destroyers, 
are more numerous where broad-leaved trees grow, than in 
pure coniferous woods. — Damage by fungi to conifers is also 
considerably less if they are mixed with broad-leaved species. 
—A hardy species mixed, with a tender species protects it 
against frost, drought and injurious air currents. 
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(cL) Mistakes made in the selection of species can be more 
easily rectified in mixed, than in pure woods. The suitability 
of a locality for a certain species is not always apparent at the 
outset ; in the case of mixed woods the species which is least 
suitable can be removed at the time of thinning. 

{e,) For the above reasons, mixed .woods will, in many cases, 
yield better returns than pure woods. 

' (/.) Finally, mixed woods increase the artistic beauty of a 
country. 

2. Disadvantages of Mixed Woods, 

It is frequently described as a disadvantage of mixed woods, 
that their natural regeneration is more difficult, than that of 
pure woods. No doubt, different species require different con- 
ditions, if natural regeneration is to be successful. More 
especially the cover of the mother or shelter trees must be 
more open where a light demanding species is to be regener- 
ated, than in the case of a shade bearing tender species. The 
shelter, for instance, which suits the beech, would probably 
kill young oak seedlings. Again, certain species, such as 
spruce, produce so much seed, spring up so easily, and would 
take possession of so much ground, that other species, like 
silver fir and beech, would have little chance of coming up in 
sufficient numbers. In the Black Forest, silver fir has fre- 
quently to be helped against the beech.' These objections 
are undeniable, but they are, after all, not of such importance 
as might appear at first sight. In the first place, the mother 
trees can be so selected, that one species is favoured against 
the others. Secondly, the surplus regeneration of any one 
species can be removed in the first thinnings. Thirdly, the 
species can be arranged in small groups. Fourthly and 
chiefly, the best procedure is, to regenerate naturally with 
special reference to one species, and to introduce the others 
(as far as necessary) artificially. In the Black Forest, for 
instance, silver fir is favoured in the regeneration, and spruce 
is, if necessary^ afterwards planted in. In this manner the 
forester can produce the desired proportion of the several 
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species with almost mathematical accuracy. On the whole, 
mixed woods offer substantial advantages over pure woods. 
At the same time it must not be forgotten, that the treatment 
of pure woods is much simpler, than that of mixed woods. 
Hence, the former may be preferable, whenever really competent 
managers are not available. 

3. Rides for the Formation of Mixed Woods. 

The advantages of mixed woods, which have been detailed 
above, will only be realised under certain conditions, the more 
important of which are the following : — 

(a.) The locality must be, a priori, suitable for the favour- 
able development of each of the species in the mixture. 

(6.) The mixture must be of such a nature, that the factors 
of the locality do not suffer; they must, whenever possible 
be improved. This will only be the case if the principal, 
or more numerous, species is soil improving. As indicated 
above, exceptions occur when woods are treated under a short 
rotation, or when the quality of the locality is such, that it 
does not require to be assisted by the improving action of the 
trees growing on it. 

(c.) The mixture must be so arranged that one species does 
not oust the others, and establishes a pure wood. The exces- 
sive development of one species may be detrimental to the 
others, or even kill them outright. In this respect the 
toughest and least sociable species carries the day, these quali- 
fications being dependent on shape, light requirement and 
height growth of the species. 

Shape . — Each species must be given that growing space 
which is required for its proper development. In this respect 
the several species differ considerably. Conifers, for instance, 
have a different shape from broad-leaved species. Again, 
some species are better able than others to stand an infringe- 
ment of their proper growing space. Thus, the broad-crowned 
oak is liable to suffer considerably in crowded woods, while 
spruce stands an infringement in space comparatively easily. 
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Light requirement . — The mixture must be so arranged that 
the light demanding species are not likely to be shaded by 
other trees ; in fact, they must have their heads free and ex- 
posed to the light. Some species, such as silver fir and beech, 
like, and even require, some shelter during early youth. 
Mixtures should be so arranged as to provide such shelter, 
whenever it is required. After the first few years no species 
actually requires shade, and then species are either shade 
bearing or light demanding. In most cases the former will 
bear the shade of the latter, but the reverse is not the 
case. 

Height growth . — All species which demand space and light 
when mixed with species of an opposite nature, must be of 
quicker height growth than the latter, or be given a start. 
Hence the relative height growth of the species must be fully 
considered in deciding on the nature of the mixture. In 
many cases it is necessary to produce woods of uneven age, 
in order to prevent the light demanding species from being 
overgrown and suppressed by the other species. 

Assuming then, that the locality suits in a general way all 
the species to be mixed, the following rules govern the selec- 
tion and formation of mixtures : — 

First Rule . — The ruling (more numerous) species must be 
soil improving. 

It has been stated above under what conditions exceptions 
from this rule are admissible. 

Second Rule . — Shade bearing species may be mixed with 
each other, provided their height growth is of the same 
rapidity, or the slower growing species can be effectually 
protected against the faster growing. 

lliird Ride . — Shade bearing species may be mixed with 
light demanding species, if the latter are either faster 
growing, or are given a start. 

To prevent the shade bearing species being kept back in 
its growth it should be more numerous than the light 
demanding species. 
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Fourth Ride . — Two or more light demanding species should 
not be permanently mixed, because the soil deteriorates, and 
the faster growing suppresses the slower growing species. 

Exceptions to this rule are admissible : — 

{a.) On very fertile localities. 

(6.) On very inferior localities, where nothing else will 
grow. 

(c.) If the wood is treated under a short rotation, or as 
coppice, or if it is intended to underplant the wood 
at an early age with a shade bearing and soil 
improving species. 

Temporary mixtures of two or more light demanding 
species occur frequently, especially where a slower growing 
species has to be protected against frost or drought ; for 
instance, oak with nurses of larch, Scotch pine, or birch. 

Fifth Rule . — The circumstances of each case must decide 
whether the species should be mixed by single trees, groups, 
lines, or strips. 

Two shade bearing species of equal height growth, for 
instance, may be mixed by single trees, but if the quality of 
the soil changes from place to place, it may be desirable to 
arrange the mixture by groups, placing each species on the 
more suitable spots. Again, if a light demanding species is 
to be raised with a faster growing species, the mixture should 
be by groups, and not by single trees. In such cases the 
groups are frequently given the shape of strips. Oak and 
beech are now so mixed in the Spessart mountains, that the 
groups of oak extend over areas ranging from one to ten and 
even more acres, the rest of the area being taken up by 
beech. In • this way the suppression of the oak by the 
beech is prevented. 

Air mixtures may be brought under one of the following 
three classes : — 

Mixture of shade bearing species. 

Mixture of shade bearing and light demanding species. 

Mixture of light demanding species. 
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4. Mixtures of Shade hearing Si^ecies. 

It is a general rule that the permanent preservation of a 
mixture becomes . more dif&ciilt in the same degree as the 
species to be mixed differ in repect of light requirement, rate 
of height growth, suitability of locality, and shape of trees. 
Except as regards the latter, the ordinary European shade 
bearing species approach each other in these respects ; hence 
in their case the mixture is comparatively easy to maintain, 
and they may generally be raised in woods of even age or 
nearly so. 

(L Mixkires in High Forest. 

(1.) Silver fir and spruce . — These two species resemble 
each other as regards shape. They differ somewhat in their 
demands on the locality, but over extensive areas both find 
suitable conditions for a healthy development. They are 
both shade bearing, but silver fir more so than spruce. The 
most important point is, that spruce grows somewhat more 
quickly during youth and is likely to injure the silver fir, but 
when the latter has once pushed its head to the light the two 
species hold their own against each other. In order to get 
the silver fir safely over the first 20 or 30 years it must be 
assisted against the spruce either by giving it a start of 5 — 10 
years, or arranging the mixture according to groups, or 
cutting away the spruce where it threatens the silver fir. 
Where mixed woods of silver fir and spruce have to be re- 
generated, it is usual to leave a larger number of silver fir 
seed trees, and to keep the shelter wood rather dark. In this 
way a larger proportion of young ^silver fir is secured ; then 
more light is given to enable young spruce to come up, and 
if this should not happen, the species is brought in by 
planting. 

The advantages of the mixture are principally the 
following : — 

{a.) Spruce protects silver fir against frost and drought 
during early youth. 
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(h.) Silver fir protects spruce against storms in after life. 

(c.) Spruce, when mixed with silver fir, is somewhat less 
exposed to damage by insects and snow. 

(d.) The annual production of wood per acre is increased. 
(2.) Silver fir and Leech . — They differ in shape but make 
very similar demands on the locality. Both are highly shade 
bearing. Beech grows somewhat more quickly in youth but 
more slowly in after life. During the former period silver 
fir, and during the latter beech, must be somewhat assisted, 
or the mixture arranged by groups. Both species thrive 
better in mixture, which is altogether an excellent one. 

(3.) Spoiice and beech. — Thej^ differ in shape, and make 
somewhat different demands on the locality, especially in 
respect of the degree of moisture and depth, sjDruce requiring 
more moisture, and beech greater depth. Nevertheless, soil 
which is suited for beech, will also do for spruce, but not 
always the reverse ; in the moister parts spruce should pre- 
dominate, and in the drier parts beech. Both are shade 
bearing, spruce less so. The rate of height growth is a 
more serious matter. During youth beech grows sometimes 
more quickly, but in other cases the spruce ; later on the spruce 
is the faster grower; theymust be protected accordingly, the one 
against the other. On the whole, beech is more in danger of 
being suppressed than spruce, because under ordinary cir- 
cumstances the latter is more pushing and aggressive- Spruce 
is only threatened in localities which are specially suited to 
beech. 

Beech has a most beneficial effect uj)on spruce in respect 
of danger from wind, snow, insects, and fire. At the same 
time, beech produces finer boles in this mixture, than if grown 
pure. Where beech timber is little in demand, it should not 
occupy more than about Jth of the area against f ths occupied 
by the spruce. 

(4.) Beech and hornbeam . — This is a mixture of subordinate 
importance. The timber of hornbeam is frequently more in 
demand, but beech yields a larger volume. Hornbeam grows 
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somewhat more quickly at first, but on the whole it is left 
behind by beech. In some localities, especially those ex- 
posed to frost, hornbeam forms a suitable substitute for 
beech in mixed woods. 

(5.) Douglas fir may be mixed with beech, silver fir or 
spruce ; it grows faster than either of these. 

1), Mixtures in Coppice Woods* 

In coppice woods it is always desirable to mix some horn- 
beam with the beech, because the latter by itself is rarely able 
to maintain a full crop, owing to its inferior reproductive 
power from the stool ; hornbeam is possessed of an almost 
indestructible reproductive power by stool shoots. Care is 
required to prevent the hornbeam from ousting the beech. 

In coppice with standards also, the underwood should 
consist, at any rate partly, of hornbeam, and not altogether 
of beech. 

5. Mixtures oj Shade hearing tvith Light demanding Species. 

While the shade bearing species much resemble each other 
in character, considerable differences exist between light 
demanding and shade bearing species in respect of shape, 
height growth, light requirement and duration of life ; hence 
the maintenance of such mixtures requires great care and 
skill. 

Most of the light demanding species, such as oak, larch, 
ash, as well as the moderate shade bearing Norway maple 
and sycamore, are raised principally for timber and less for 
firewood; they require full enjoyment of light throughout life, 
but they cannot reach timber size and maintain the factors 
of the locality without the assistance of the shade bearing 
species; it is no longer sufficient to place each species in 
groups, and in order to meet the requirements of the case it 
is generally necessary to grow uneven aged woods. 

The principal object in all such mixtures is the full develop- 
ment of the timber yielding, light demanding species, while 
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the shade bearing species, though more numerous than the 
former, practically take the second place in importance. The 
light demanding species which deserve special mention in this 
place are : — Larch, Scotch pine, oak, ash, sweet chestnut, elm, 
birch, aspen and willow ; also the lime, Norway maple and' 
sycamore, which stand about half-way betw^een light demanding 
and shade bearing species. 

Mul'ures in High Forest. 

(1.) Larch in mixture icitli shade heaving species. — Larch and 
spruce. — If the two species are of the same age, the larch goes 
ahead at once and leaves the spruce behind. On soil which 
suits the larch, the tree will not be caught up by the spruce 
before the 40th or 50th year or even later, when they will 
grow up together, provided the spruce has not been killed 
by the larch before that time. On localities which are less 
suited for larch, the spruce will catch it up much earlier, 
by the 15th to 25th year, pass and suppress it, so that it 
gradually disappears. In such cases the larch must be 
given a start, the result being an uneven aged wood. The 
best method is, to raise larch pure, and to bring in the 
spruce when grass begins to replace the moss, that is to 
say, at the age of 15 — 30 years. When the spruce has 
established itself, all larches, which are not likely to develop 
into fine trees, should be removed. 

It is well known how much larch suffers from cancer when 
grown outside its natural home. Until means have been 
found by which that ' disease can be prevented, the only way 
to reduce the damage to a minimum is, to isolate the larch 
trees, by mixing them with another species, for which spruce 
is fairly well adapted, though not as well as silver fir and 
beech. 

Larch and silver fir. — This is a better mixture than larch 
and spruce, as silver fir stands more shade than spruce ; the 
ultimate height growth is much the same. As silver fir requires 
better soil than spruce, the larch thrives admirably in all 
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localities where silver fir grows, provided the mixture is 
judiciously arranged. 

Larch and Douglas fir, — A good mixture, but it is desirable 
to place the species into alternate lines, so as to exercise a 
proper control over each. 

Larch and beech. — This is an excellent mixture. Larch 
grows quickly enough to maintain itself in the even aged 
form, but it is still better to start with pure larch and bring 
in the beech, when the former is 15 to 80 years old. The 
most suitable localities are those with a fresh deep soil on 
northerly or easterly aspects. 

(2.) Scotch ‘pine in mixture with shade hearing species, — The 
Scotch pine very much resembles the larch in its bearing 
towards the shade bearing species. The even aged form does 
fairly well in the majority of eases, provided the shade bearing 
species are in youth protected against the Scotch pine. In 
the uneven aged form, spruce, silver fir or beech need not be 
brought in until the Scotch pine has reached the age of 
20 — 40 years, as it begins to thin out somewhat later than 
the larch. The Scotch pine must not be too numerous, or its 
shade will injure the other species in the uneven aged form, 
as well as during youth in the even aged form. 

Both Scotch pine and larch afford excellent protection 
against frost and drought to silver fir and beech during 
their tender youth, and also to spruce, though the latter 
requires such protection in a less degree than the former 
two species. 

Scotch pine and hornbeam occur sometimes together, especially 
in frost localities, where the hornbeam replaces the beech. 
Hornbeam is liable to suffer considerably from the shade of the 
Scotch pine, so that it is frequently reduced to an underwood, 
which should be periodically coppiced. 

(3.) Oak in mixture with shade bearing* species. — Oak and 
spruce, — Natural mixtures of oak and spruce are rare, owing 
to the different character of the two species. Oak is at home 
in low warm situations, spruce in cool high places. Oak 
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thrives best on loose, warm, deep soils wdth a good measure 
of water in the subsoil ; spruce requires moisture near the 
surface, and it is satisfied wuth a moderately deep soil. Oak 
requires much light, heat and space ; the demands of spruce 
are more moderate in these respects. Oak is inclined to 
develop large branches ; spruce grows more in height. Never- 
theless, artificial mixtures of the two species are advocated by 
some foresters. Oak grows faster than spruce during youth ; 
later on spruce passes the oak, and the latter has no chance 
if mixed by single trees in even aged woods. It is necessary 
to place the oak in groups, and even then it does not always 
develop satisfactorily. The best arrangement is to plant oak 
pure and to bring in the spruce when the oak begins to thin 
out. It has, however, been noticed that the oak becomes stag 
headed when underplanted with spruce, a phenomenon which 
is by some foresters believed to be due to the great consump- 
tion of 'Water by the spruce; hence the mixture is only 
admissible under favourable conditions, or when the spruce 
is cut out at a comparatively early age, before it has had time 
to injure the oak. 

Oak and silver fii \ — This is a better mixture than that of 
oak and spruce, as the two species resemble each other more 
in their demands on the locality. Oak requires a start, or it 
will be passed at about middle age and suppressed by silver 
fir. The best plan is to plant oak pure, and to bring in silver 
fir when the former begins to thin out. 

Oak and beech , — This is a most suitable mixture, as the two 
si^ecies stand sufficiently near each other in respect of locality 
and shape ; moreover, they are found naturally together. The 
beech has been called the oak’s nurse. The oak finds in the 
mixture all the advantages of a permanent complete shading 
of the ground, accompanied by a heavy fall of leaves, a thick 
layer of humus, and ireshness of the soil; it thus attains great 
height and a clear bole of considerable length. 

The oak requires to have its head free throughout life. It 
grows more quickly than beech if the climate and soil suit 
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it thoroughly in resj)ect of moisture and depth. In such 
localities the mixture may be arranged by single trees. In 
the majority of cases, however, the oak is left behind by the 
beech, and then the former, in single trees, is lost ; hence the 
mixture must be arranged by groups, or all threatening 
beeches cut back or removed ; or the oak is given a start, the 
beech being brought in when the oak commences to thin out, 
that is to say, between the 30th and 50th year, according to 
circumstances. 

Oak and hornbeam. — This mixture may be desirable in 
localities which do not suit the beech, as for instance in frost 
localities, or moist deep sandy soils of the low lands. The 
oak grows quickly enough to hold its own against horn- 
beam, In this mixture the hornbeam is frequently treated as 
coppice. 

(4.) Norway maple and sycamore in mixture zvith more shade 
hearing species. — Such mixtures require a fresh, deep and fertile 
soil. During early youth both maple and sycamore grow more 
quickly than spruce, silver fir, and beech, but later on they are 
passed by the shade bearing species. Hence, it is necessary 
to place the maj)le and sycamore in groups, or to give them 
a start in age; by far the best mixture is that with beech. 

(5.) Ash in mixture with shade bearing species. — The best 
mixture is ash and beech ; not so good is that of ash and 
silver fir, and still less that of ash and spruce. 

Ash, like the maples, grows first more quickly than 
beech, but is generally passed by the latter later on, hence 
it should be placed in groups in the moister parts of the 
locality. Where ash occurs pure, it should be underplanted 
with beech or hornbeam long before its height growth has 
been completed. 

(6.) Elm in mixture with shade hearing species. — Elm does 
best in mixture with beech, or perhaps hornbeam. The 
mixture of elm with spruce and silver fir is less desirable. 
Elm requires a locality with sufficient warmth, or else it will 
not develop into a large-sized tree; it also requires a deep 
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fertile soil. Elm grows at first more quickly than beech, but 
afterwards it is liable to be passed, hence it must be placed in 
groups, or given a start. The groups of elm should subse- 
quently be underplanted with beech. 

(7.) Birch in mixture with shade hearing s;pecies, — Such 
mixtures occur naturally. The light seed of the birch settles 
on all blanks, large or small, and too often interferes with. the 
shade bearing species. 

Birch and beech . — The birch should only form a moderate 
admixture by single trees ; if it is more numerous, a part 
should be cut back. Birch becomes ripe for the axe long 
before the beech. 

Birch and silver Jir . — After some time the silver fir outgrows 
the birch, which is then likely to be suppressed. 

Birch and sjmice . — The birch injures the spruce by a whip- 
like action of its branches, but spruce soon passes and 
suppresses birch. 

(8.) Lime, asj^en, and loillow in mixture with shade hearing 
species . — Like birch, these species appear naturally amongst 
shade bearers, more especially in beech woods, where they 
often do damage owing to their rapid growth in early youth. 
If it is desired to produce large specimens of these species, 
they must be reduced to moderate numbers. In after life, 
beech passes and suppresses them, if allowed to do so. 

h. Jlixhire in Coppice ivith Stmidards. 

The greater part of the mixture consists of broad-leaved 
species, but conifers (larch, Scotch pine, etc.) are not excluded 
as standards, so that an opportunity is given for the production 
of any or all species. 

It must be a leading principle to let the light demanding 
species prevail in the standards or overwood, and the shade 
bearing species in the coppice or undenvood. At the same 
time, some individuals of the latter species may be represented 
in the overwood, for the purpose of producing seed to meet the 
requirements of natural regeneration. 
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The overwoocl should consist of healthy trees which, if 
possible, have been raised from seed. Only in exceptional 
cases should vigorous coppice shoots be allowed to grow into 
standards. 

In some cases all ages are mixed by single trees, in others 
the several age gradations are arranged in small groups. As 
the coppice shoots at once grow rapidly, seedlings have no 
chance of making their way up, unless they are strong, and 
are protected against the coppice shoots. 

As each standard must be cut when it has reached the 
highest degree of usefulness, it follows that larch, Scotch pine, 
birch, and also ash will fall under the axe before the oak, elm, 
maple, or sycamore have reached a useful size ; hence the 
former do not appear in the oldest age classes. 


c. Mixture in Coi^pice, 

The principal species are beech, hornbeam, elm, ash, maple, 
sycamore, lime, oak, sweet chestnut, birch, hazel, willow, 
aspen, alder, etc. 

Beech is more slowly growing than the light demanding 
species, and requires some protection against them except on 
very fresh and fertile soils. Ash, Norway maple, sycamore, 
and oak are liable to suffer from too large a proportion of 
birch, hazel, and willow. 


6. Mixtures of Light demanding Species. 

As indicated above, such mixtures are justified only in 
exceptional cases. Generally, they are objectionable, as 
long as the admixture of a shade bearing species is 
practicable. 

All mixtures of light demanding species thin out sooner or 
later according to the degree of light requirement and the 
tendency towards branch formation of the species, as well as 
according to the quality of the locality. When once that 
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period has arrived, the factors of the locality must suffer. 
Exceptions are woods growing under favourable conditions, 
temporary mixtures and shelter-woods. 

Generally, only the even aged form is admissible, and even 
then such mixtures require constant attention, so as to 
prevent one species being suppressed by the other. 

a. Mixture in Hifjh Forest. 

(1.) Oah, icith ash, elm, or sweet chestnut . — These mixtures 
requiie a fertile, deep, moist soil and a favourable climate. 
Oak is slower growing during early youth, and in many cases 
also later on; hence it is liable to be suppressed. At any 
rate it rarely finds sufficient space for favourable development, 
being closely pressed by the other light demanding species. 
It does better if placed in groups. 

(2.) Oak with alder and birch. — This mixture occurs on 
wet soil, where the oak occupies the drier parts of the 
locality. If mixed by single trees, the oak is speedily 
suppressed. 

(3.) Oak with Scotch pine or larch. — Such mixtures are 
made because oak helps to protect the Scotch pine against 
damage by insects, snow, etc., and larch against cancer, 
while Scotch pine and larch protect the oak during youth 
against frost and drought. If for the latter purpose, the 
mixture is frequently of a temporary nature, or only a few 
Scotch pines or larches are allowed to remain when the oak 
does no longer require shelter. 

(4.) Scotch pine with birch. — This mixture occurs naturally, 
and yet it cannot be recommended, because such woods are 
always very thin and the soil deteriorates. They are 
generally the result of unfavourable conditions in localities, 
where no other species can compete with Scotch pine and birch. 

Up to 15 or 20 years birch" grows quicker; the Scotch pine, 
if it survives that period, comes up and passes it; the birch 
then requires help, if it is to be preserved. Birch falls under 
the axe at a com]mratively early age, and an open wood of 
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Scotch pine remains. Only on good fresh soil does birch 
last until the Scotch pine has reached a marketable size. 

A.t the same time birch may be a desirable admixture, 
where the object is to protect the Scotch pine against insects, 
snow, fire, etc., and where a more suitable mixture is 
impracticable. 

(5.) Scotch pine with larch , — ^This mixture leads to unsatis- 
iactory results whenever the locality is not thoroughly suited 
to larch. During youth, up to 15 or 20 years, larch grows 
quicker and may injure the Scotch pine. If the latter makes 
its way up and begins to press round the larch, the latter may 
require help. 

Nevertheless, this mixture occurs over extensive areas in 
the United Kingdom, not because it is the best that can be 
devised, but because Scotch pine thrives well and yields 
higher returns than most of the shade bearing species which 
could be substituted for it. 

Other mixtures, in which the Scotch pine is the principal 
species, are : — 

Scotch pine with Corsican pine; a good mixture. 

,, ,, ,, Weymouth pine; a good mixture. 

,, ,, ,, Austrian pine; the latter disappears, as 

it is slower growing, unless it is 
helped. 

,, ,, ,, sweet chestnut ; the latter often becomes 

a soil protection wood. 

In England sweet chestnut is sometimes mixed with 
larch. 

(6.) Alder with hirch and asp)en , — This mixture occurs in 
wet localities, where nothing else will grow. 

6. Ooppire^ and Coppice loith Standards, 

Woods of coppice with standards consisting of light 
demanding species only, are comparatively rare, as the 
standards must either be very few in number, or the 
underwood suffers. Under any circumstances such mixtures 
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require a very fertile moist soil. Mixtures of this kind are, 
for instance — 

Ash and alder, or 

Oak, sweet chestnut, ash, elm, and others; also 
hazel. 

Where ash and alder appear in mixture, the former 
should, generally, be the overwood, and the latter the 
underwood; it occurs in wet localities. In the even aged 
mixture, ash is liable to be killed out. In fertile low lands 
oak and ash appear as overwood and underwood, mixed with 
various other species, as elm, chestnut, etc. Short stems of 
the standards are often the characteristics of such mixtures. 
Their number must be small, or the underwood suffers. 

Coppice woods coming under this heading are mixtures of 
oak, ash, birch, lime, aspen, sallow, hazel, and more especially 
oak with sweet chestnut. In such mixtures Scotch pine and 
larch often find a temporary place as small standards. 

Another mixture is that of sweet chestnut and acacia, 
generally by groups, or else acacia is likely to suffer. 
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CHAPTER IV. 

THE SYLVICULTUHAL SYSTEMS, OH METHODS OE 
TREATMENT. 

By a sylvicultural system is understood the systematically 
arranged method according to which the formation, regener- 
ation, tending, and utilisation of the woods, which compose a 
forest, are effected. 

The character of each system depends in the first place on 
the method of formation or regeneration, and consequently all 
systems must come under one of the following three heads : — 

(1.) High or seedling forest. 

(2.) Coppice forest. 

(3.) A combination of seedling and coppice forest. 

Owing to the varying character in the factors of the 
locality, the composition of woods, and the many different 
purposes for which they are growm, the above three main 
systems have been split up into a number of variations. In 
the case of high forest the principal distinction is, whether 
the new wood is created on a clear cutting, or under the 
shelter of an existing wood. In the latter case, the regenera- 
tion may be effected at the same time in a uniform manner 
over a considerable area (compartment), or over certain 
groups, or by the removal of single trees here and there. 
Coppice w^oods may consist of stool shoots or of pollards. 
Again, a number of auxiliary systems have been evolved out 
of the principal systems by means of certain modifications or 
additions. 

It is not intended to describe here all existing modifica- 
tions, but the more important systems may be classified 
as follows: — 
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I. Principal Systems: — 

A. High or Seedling forest — 

1. Clear cutting and subsequent regeneration . 1 

2. Eegeneration under a shelter- wood : 

a. By treating one or several compartments in 

an uniform manner .... 2 

h. ,, groups 3 

c. ,, single trees 4 

B. Coppice forest 5 

C. Combination of seedling and coppice forest . . 6 

II. Auxiliary systems — 

1, High forest with standards .... 7 

2. Two-storied high forest 8 

8. High forest with soil protection wood . . 9 

4. Forestry combined with the growth of field 

crops 10 

5. Forestry combined with pasture . . .11 

6. Forestry combined with the breeding of deer 

and game 12 


Section I. — Description of Systems. 

In considering the various systems the following points 
deserve special attention: — 

(1.) Origin and character of wood. 

(2.) External dangers peculiar to the system. 

(3.) Quantity and quality of produce. 

(4.) Effect of the system upon the factors of the locality. 

The remarks on each of the twelve systems will be arranged 
under these four heads. 

1. System of Clear Cutting in High Forest, 
a. Origin and Character. 

The wood is originated on an area, which is clear of trees, 
by direct sowing, or planting, or occasionally by seed coming 
from adjoining woods. The young trees are all of the same 
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age and height (or nearly so) ; as soon as the branches 
begin to interlace, the trees form an uninterrupted leaf canopy 
overhead, which, with advancing years, becomes more and 
more elevated above the ground, leaving a space below, in 
which the branchless trunks or boles of the trees tend 
upwards. 

In a wood of this class the sunlight reaches only the upper 
parts of the crowns, the result being that height growth and 
the formation of clear boles are specially favoured. The 
density of the cover, and with it the diameter growth, depend 
on the character of the species, the quality of the locality, 
and the degree of thinning. At the end of the rotation the 
wood is cleared off the area, and the process of formation 
recommenced. 


h, Externcil Vanfjers, 

The principal dangers are those of frost, drought, insects 
and storms. In earlj^ youth a wood formed on a cleared area is 
exposed to all meteoric influences. In winter, and especially 
in spring and autumn, frost threatens the young plants, if they 
are at all sensitive to it, and in summer the uninterrupted ex- 
jwsure to the sun may dry up the soil and plants ; they may 
also be seriously injured by a strong growth of weeds. More- 
over, air currents strike over the area without interference. 
There can be no doubt that many diseases, which perhaps appear 
only later on, can be traced as having originated during this 
period of early exposure. At that time the greater dryness of 
the soil attracts insects, which concentrate their breeding places 
in it, while the absence of trees causes in sect- destroying birds 
to be comparatively scarce. 

Whether woods produced under this system are more sub- 
ject to damage by storms than woods produced under shelter- 
woods is doubtful, varying views being held on the subject. 
On the one hand, trees of even age standing in crowded 
woods protect each other, but on the other hand individually 
they do not stand as firm as trees grown up in a more free 
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position or in woods of uneven age. What has been said 
about strong winds probably also holds good as regards 
damage by snow and ice. 


c. Production of Wood. 

As regards production, the system compares favourably 
with other high forest systems, especially if the woods are 
created by planting. The quality of the timber is also of a 
very high class if the thinnings have been judiciously carried 
out. More especially long clean non-tapering boles are pro- 
duced under this system, to which a good diameter can be 
added by thinning strongly towards the end of the principal 
height growth. 

d. Effect upon the Factors of the Locality. 

This effect differs much during the several periods of the 
life of the wood. During early youth, before a complete leaf 
canopy has been established, the soil is exposed to the effects 
of sun and air currents, both of which act highly injuriously 
on the soil. Subsequently, when a good cover has been es- 
tablished, the very opposite effect is produced in a high 
degree. Later on in life again, when the crowns, with 
advancing age, have been elevated far above the ground, the 
sun is still kept out, but there is no impediment to air 
currents striking through the wood, so that moisture and 
carbon dioxide are carried away, and the activity of the 
locality is frequently considerably reduced by the time 
regeneration is commenced. 

It follows that the system has decided disadvantages where 
the supply of moisture is limited. At any rate, the produc- 
tion is subject to considerable fluctuations. In the case of 
shade bearing species with dense crowns, provided they are 
hardy, the system yields evidently much better results than 
in the case of light demanding species with thin crowns. 
The length of the rotation also affects the results. 
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2. The Shelter-wood Compartment System, or the Uniform 
Treatment of a Wood, 

a. Origin and Character, 

The wood is formed, or regenerated, under the shelter of 
the whole or part of the old crop, which forms the shelter- 
wood, and which is retained for some years, until the young 
generation has established itself and is safe against injurious 
external influences peculiar to early youth. The regeneration 
is effected, according to circumstances, by the seed falling 
from the shelter trees, which in that case become mother 
trees, or by sowing and planting. In the former case the 
regeneration is said to be natural, in the latter artificial. 
In the case of natural regeneration, one seed year is rarely 
sufficient ; as a rule two or three such seed years are required, 
and often artificial cultivation has to assist, in order to pro- 
duce a full new crop ; hence, the latter shows in the majority 
of cases differences of age ranging up to perhaps 15 years. 
Nevertheless, such differences will be no longer discernible, 
when the wood approaches the end of the period of prin- 
cipal height growth, and, for all practical purposes, such 
woods are considered even aged. 

h. External Dangers. 

Owing to the presence of the shelter-wood, the danger 
from frost, drought and weeds during youth is very con- 
siderably reduced, if not altogether obviated ; during the 
rest of life no difference exists in this respect between this 
system and the system of clear cutting. There is no doubt 
that such woods are less attacked by insects than woods on 
clear cuttings. The chief difference as regards storms is, 
that the shelter- or mother trees are liable to be thrown. 

c. Prod^wtmi of Wood. 

The quantity of total production is probably the same as 
in clear cutting. As regards quality it should be noticed that 
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the mother trees are in a position to attain a specially large 
size (diameter), owing to their comparatively free position 
during the last period of life. 

d. Effect U}wn the Factors of the Locality. 

The unfavourable effect of sun and air currents during 
the early youth of the wood' disappears under this system, 
as the shelter- wood protects the soil until the new crop can 
relieve it of this duty. In afterlife no difference exists 
between this system and that of clear cutting. 

A modification of this system is the “ Shelter- wood Strip 
System.” Under this system each compartment is divided 
into a number of narrow strips, which are successively taken 
in hand for regeneration. The system is, however, otherwise 
precisely the same as the shelter-wood compartment system, 
the compartments merely receiving the shape of comparatively 
naiTOw strips. 

3. The Shelter-wood Orotop System, 

This is another modification of the shelter-wood com- 
partment system. 


a. Origin and Character, 

The wood is formed, or regenerated, under the shelter of 
the old crop, but instead of taking a whole (or several) com- 
partment in hand at one time, with a view to its simultaneous 
regeneration, only certain groups of trees, scattered here and 
there over it, are dealt with in the first place ; when these 
have been regenerated, others are treated in the same way, 
and so on, until the whole compartment has been regenerated. 
Frequently the later groups take the shape of belts running 
around the groups first taken in hand, so that the groups 
finally merge into each other. The period of regeneration 
extends over not less than thirty, and often forty or fifty 
years, during which the. old wood is gradually led over into 



SHELTER-WOOD COMPARTMENT SYSTEM. 


95 


the new wood. At the end of the regeneration period the new 
wood consists of a series of groups, of .greater or smaller 
extent, ranging in age from one to thirty, forty, or fifty years, 
according to circumstances, and it iDresents a picture of un- 
evenness which is preserved throughout life. The wood grows 
on until the next regeneration comes round, when operations 
are commenced in the oldest groups and gradually, in ‘the 
course of thirty, forty, or fifty years, extended to the 
youngest. 

During regeneration all seed years are taken advantage of, 
and artificial help, where necessary or desirable, is not 
excluded. 

The group system is frequently combined with the strip 
system, mentioned above. 

b, Exfenial Dany&i's. 

Owing to the uneven age of the several groups, the young 
growth receives both top and side shelter ; hence it is more 
fully protected against frost and drought than under the 
shelter-wood compartment system. It is also claimed for the 
system, that the trees withstand storms and damage by snow 
or ice better. In this respect further data are required before 
a final conclusion can be arrived at. 

FroducHoti of Wood, 

Whether the total production is greater or smaller than 
under either of the previously mentioned two systems, can 
only be proved by actual statistics in the course of time ; the 
system affords the means of producing valuable large timber, 
as, towards the end of the rotation, the finest trees can be 
placed comparatively free for a term of thirty to fifty years. 

d. Effect u})0}i the Factors of the Locality, 

This is doubtless more favourable than under the shelter- 
wood compartment system, as the soil is more carefully 
sheltered, accompanied by a more complete preservation of 
an even state of moisture. 
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4. The Shelter-wood Selection System, 
a. Origin and Character. 

The forest is created, under the shelter of the old crop, by 
the removal of single trees or small groups selected here and 
there over the whole area, and this process goes on through- 
out the whole length of the rotation, so that practically no 
part of the whole forest is ever at rest. All age classes, from 
one year old to the oldest, are constantly represented, by 
single trees or small groups, over the whole area, and, theo- 
retically, the work of selecting trees for cutting extends at all 
times over the whole extent of the forest. In practice, how- 
ever, the forest is divided into a number of blocks, which are 
gone over in turn, so that cutting returns to the same part 
only after the lapse of several years. 

1). Ext&i'nal Dangers. 

Views differ somewhat regarding the extent to which selec- 
tion forests are exposed to external dangers, as compared with 
the two previously mentioned shelter-wood systems. In the 
absence of exact comparative observations it may be stated, 
that in respect of drought the selection system acts very 
favourably, because only very small plots are, at one time, 
exposed to sun and air culTents. The same may be said 
in the majority of cases, as regards frost. Nothing definite 
can be said in respect of damage by insects. As regards 
damage by wind, snow, etc., views differ. 

c. Prodwtion of Wood. 

Here again actual comparative observations are not avail- 
able. It has by no means been proved that less wood per 
acre and per annum is produced under this than under either 
of the two previous systems. Young growth, no doubt, 
develops slowly, as it is much interfered with by the adjoin- 
ing older trees, but this may be compensated for by a more 
active development, when the trees have secured the full 
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enjoyment of light, especially during the more advanced 
period of life. There can, however, be no doubt, that less 
clean and shorter boles are produced under the selection than 
under the compartment system, though the former is specially 
suited for the production of large sized timber, as each tree 
can be left in the forest until it has reached the desired 
dimensions. 


it Effect u;pon the Factors of the Locality, 

The system secures an almost absolutely equal degree of 
protection of the soil throughout the rotation, more especially 
as regards the preservation of an even degree of moisture, 
which must act beneficially upon production. Protection is 
given not only from above, but the uniform mixture of old 
and young trees also secures lateral shelter. 

On sloping ground rain water is more effectively retained 
under this than under any other system ; avalanches also, 
the carrying away of fine earth, landslips, etc., are prevented ; 
hence protection forests situated in mountains are usually 
worked under this system. 


5. The Coppice System, 
a. Origin and Character, 

Most broad-leaved species have the faculty of reproducing 
themselves by shoots, which spring either from the roots, 
stool, or stem. After severing the whole, or part, of the 
stem above ground, the roots and stool develop shoots, which 
grow up into poles, and, under favourable conditions, into 
trees, thus producing a new generation. This process of 
regeneration can, as a rule, be repeated as long as the stool 
and roots continue to live. 

When the trees are cut over close to the ground, simple or 
ordinary coppice is produced, the shoots starting from a point 
which is close to, or in, the ground. Generally, several shoots 
spring from the same stool, and these stand in clumps, and 

s* H 
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can easily be distinguished from seedling trees. On well 
stocked areas a complete cover is established earlier under 
this system than in seedling forests, as the shoots develop 
very rapidly during the first few years. When the cover has 
been established, the wood presents the appearance of an 
ordinary thicket in high forest. 

If the trees are cut over at some height, say several feet, 
from the ground, the shoots appear at the upper end of the 
stem, which may be said to form a new crown. In that case 
the system becomes the to^^j^incj system of coppice. If the 
main stems remain intact, or nearly so, and only the side 
branches are cut over, the method is called the pollarding 
system. No distinct line can, however, be drawn between 
these two systems, and in many cases topping and pollarding 
must be considered as synonymous terms. In either case the 
trees may be cut over repeatedly, just as in ordinary coppice. 

h. Kefernal Dangers. 

Coppice sufters more than seedling forest from late and 
early frosts, because the shoots grow up quickly, reach a 
considerable size during the first year, are full of sap, and 
consequently require a longer growing period in order to ripen 
before the autumn frosts set in. On the other hand, damage 
by frost is more easily repaired in the case of coppice, as new 
shoots will replace those injured during the first year. Cop- 
pice suffers also much more from damage by game, especially 
deer and rabbits. Mice also do much damage. In respect of 
other sources of damage, coppice is less affected than high 
forest. 

c. Fro(hici‘ion of Wood, 

Coppice yields chiefly firewood and small timber, such as 
pit timber, hop poles, vine props, rafters, withies for basket 
work, etc. Oak coppice woods are cultivated for the sake of 
the bark, which is used for tanning. The production of cubic 
feet of wood per acre and per annum is generally smaller 
than in the case of high forest. 
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(1. Effect upon the Factors of tlis Locality. 

Owing to the rapid growth of the shoots and the quick 
establishment of a complete cover, coppice woods protect 
the soil well after the first few years, but the latter is laid 
bare at much shorter intervals than in the case of high forest. 
The higher the rotation, the more nearly does coppice wood 
approach the character of high forest ; as a rule, however, the 
rotation is short, and the wood does not reach that age at 
which air currents obtain free access underneath the crowns. 

6. The (Joppica 'with Stamlards Eysteiii {Stored Coppice). 

((. Oriyin and Oluiracter. 

The system of coppice with standards is a combination of 
the following two systems : — 

(1.) Simple coppice of even age. 

(2.) Standards of uneven age treated under the high forest 
selection system. 

The coppice forms the underwood, and the standards the 
overwood, the two being treated under different rotations. 
Generally, cuttings are made in both underwood and over- 
wood at the same time, that is to say, when the underwood 
has arrived at the end of its rotation, it is cut over, and at the 
same time those standards are removed which have reached 
the end of the rotation fixed for the overwood, or which it is 
desirable to remove for other reasons. New standards are 
then introduced, which, as a rule, should be seedlings and 
not coppice shoots. It follows that, theoretically, the several 
gradations of the overwood show a difference in age equal to 
one rotation of the underwood, and the age of the oldest 
standards at the time of cutting is a multiple of the number 
of years contained in the rotation fixed for the underwood. 

Rotation of underwood . . . . = 20 years. 

Rotation of overwood = 100 ,, 

Number of age gradations in overwood . = = ,5 
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At all times the youngest age gradation forms part of the 
underwood, until the latter is cut over. 

Every standard removed at the end of the rotation must 
be replaced by younger trees. If all seedlings reached the 
end of the rotation, only one need be planted for every full- 
sized standard which has been removed, but as numerous 
seedlings have, owing to various causes, to be taken out before 
the end of the rotation, it is necessary to plant several seed- 
lings for every mature standard removed, so that, as a matter 
of fact, the numbers of the standards in the several age 
gradations always form a falling series. The actual propor- 
tion of trees in each age gradation depends on circumstances. 
In the above mentioned example the proportion would be 
somewhat as follows : — 

Number of age gradation . . .1. II. III. IV. V. 

Proportion of standards . . . 20 12 8 2 1. 

In other words, for every desired standard 100 years old or 
more, it is necessary to have 20 standards 20 years old, which 
will be reduced to 12 at 40 years, to 3 at 60 years, to 2 at 
80 years, and to 1 at 100 years old. Though 38 standards 
are present on a certain area, only five reach the end of 
the rotation, the others being cut from time to time, thrown 
by wind or otherwise injured. 

The actual number of standards per unit of area is governed 
by considerations for the underwood. If the standards are 
very numerous and give too much shade, the underwood will 
no longer thrive. In practice a great variety of modifications 
have been introduced, according to whether the overwood or 
underwood is more favoured. 

The normal form is that in which over- and underwood 
receive equal attention. Here the effect of the shade thrown 
by the overwood must always be carefully considered ; 
generally, the shade should be evenly distributed over the 
area. It is always desirable that the bulk of the overwood 



COPPICE WITH STANDARDS. 


101 


should consist of species with thin crowns ; in other words, 
of light demanding species. 

Where the overicood is Javoured the system approaches that 
of high forest. Here the object is to produce as much timber 
as possible, and the shade of the standards would be so heavy, 
if evenly distributed, that the underwood could no longer 
thrive ; hence it is desirable to place the over- and underwood 
into alternate groups. This will enable the underwood to thrive 
on the areas allotted to it, while the standards will produce 
straighter and cleaner boles than under the normal form. 

If the underwood is favoured the system approaches that of 
simple coppice. The standards are here so far apart that 
they will not, as a rule, produce long timber unless they are 
brought together into groups here and there. 

b, Extnnal Damjers. 

These are very small when compared with those peculiar to 
most other systems. To begin with, the overwood is, at any 
rate in the normal form, capable of protecting the underwood 
against frost and drought. Under any circumstances such 
damage does not occur regularly and does not endanger the 
existence of the wood. 

Storms do remarkably little damage in such woods. The 
younger classes of standards are protected by the older classes, 
and by the time they replace the latter, they have developed 
strong root systems, so that they can hold their own. 

Insects are not more destructive than in the shelter-wood 
selection system, and less than in all other systems, which is 
due to the variety of stocking, absence of cleared spaces or 
loosened soil, and to the greater number of insect-eating birds 
which are found in such woods. 

Game and mice, however, often do much damage. 

c. Production of Wood. 

It is somewhat smaller than under the hrgh forest systems, 
but the difference is probably not very great. On the other 
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hand the system is specially adapted to the production of 
timber of all kinds and sizes. It affords opportunity for the 
individual development of the trees without endangering the ‘ 
factors of the locality to any great extent. In one point, 
however, it is inferior to high forest, inasmuch as the shape 
of the trees is not so good ; they are shorter and less clear of 
branches in the lower part of the stem, unless the standards 
are placed into groups. 

d. Effect iqioii iJie Factors of the Local iti/. 

If treated properly, coppice with standards acts highly 
beneficially upon the factors of the locality ; the laying bare 
of the soil at the end of every rotation of the underwood is 
only very partial and of short duration. 

7. High Forest with Standards, 
a. Origin and Character. 

During the regeneration of a high forest single trees or 
groups of trees are left standing, with the intention that they 
shall continue to increase in size for a further series of years. 
After the completion of the regeneration, such woods consist 
of a new crop and a number of standards scattered over it, 
either in single trees or in groups. The period during which 
the standards are retained differs from a few years to a whole 
or even two or more rotations. 

1. External Dangers. 

These are the same as those of the original system, with 
this addition, that the standards are liable to be thrown by 
wind ; hence only wind firm species should be selected for 
standards, and the system should not be adopted at all in 
localities which are specially exposed to storms. 

c. Production of Wood. 

Under this system timber of very large dimensions is pro- 
duced, such as cannot be grown under any ordinary high 
forest system, except under exceptionally high rotations. 
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(L Effect tqjo 7 i the Factors of the Locality , . 

Directlj^ the effect is the same as that of the principal 
system. Inditectly, the system acts beneficially, as it obviates 
the adoption of very high rotations, where limited quantities of 
specially large timber are wanted. 

8. Two-storied* Hicfh Forest, 
a. Origin and Character. 

In the life of most woods, especially if they consist of light 
demanding species, a time arrives when the cover becomes 
interrupted, so that they can no longer preserve the factors 
of the locality. In the case of species where this time arrives 
at a comparatively early age, a second crop can be introduced, ■ 
generally by sowing or planting, which is allowed to grow up 
into high forest with and between the older crop, so that 
practically two distinct even aged woods exist on the same 
area, both high forest, the difference in age ranging from 
15 — 60 years, according to species and circumstances ; hence 
the name of two-storied high forest. The two crops are 
cut over at the same time, when the whole process is 
re-cornmenced. 

It is usual to thin the older crop heavily, either before or 
after the introduction of the second crop, by removing all 
diseased and badly shaped trees, leaving those which promise 
to develop into fine sound timber trees. 

The older crop should, in all cases, consist of light demanding 
and the younger crop of shade bearing species, or else the 
latter is not likely to thrive. 

h. External Dangers. 

The older crop may be subject to damage by storms, but 
generally only for a short period. Damage by frost or drought 
in the case of the younger wood is excluded. 
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c, Produclmi of Wood. 

The system is well adapted for the production of large 
timber. During the first part of life the trees comprising the 
upper storey grow up close together, developing height growth 
and clean holes ; in after life they are placed comparatively 
free and can rapidly increase in diameter. 

The system yields also an early and substantial return in 
the way of heavy thinnings of the older wood. 

d. Effect on the Factors of the Locality. 

The system preserves the factors of the locality better than 
ordinary high forest, and deserves to be extensively followed 
in cases where it is desired to produce large timber of light 
demanding species, such as oak, ash, larch and Scotch pine. 

9. High Forest \oith SoiLprotection Wood. 

When the leaf canopy in a high forest begins to become 
interrupted, an underwood is introduced for the protection of 
the soil. Such an underwood must be dense and not too old, 
hence it must either be replanted from time to time, or, still 
better, coppiced periodically; it should consist of species 
which can stand the shade of the overwood, the latter 
consisting of thin crowned trees. 

The effect on the factors of the locality is highly beneficial. 

10. Forestry combined with the Growing oj Field C^'ops. 

The system of combining forestry with the cultivation of field 
crops is very old. Originally it consisted in cutting down a 
piece of forest, burning the wood, and using the land during 
one or more years for the production of field crops, and then 
allowing the forest to re-establish itself. In the course of 
time the value of forest produce increased, and some order 
was brought into the system in European countries; the 
timber, instead of being burnt, was utilised, only the twigs 
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and other infei'ior pieces being burnt. The following.,^ the 
two principal forms now practised in Europe : — 


a. Oopp'ire comUned ivUh the OuUivat/on of Field Crops. 

After each cutting over of the coppice wood the twigs and 
other valueless pieces of wood, together with turf, are burned. 
This process is effected either by distributing the brushwood 
evenly over the area and letting the fire run over it, or by 
mixing it with turf, piling it up in heaps and burning after 
the material has become sufficiently dry. In either case the 
ashes are scattered, the soil is worked, and then used for one 
or two seasons for the production of field crops, which grow 
between the new coppice shoots. 

It is said that, with proper care, the yield of forests so 
treated is not smaller than that of ordinary coppice woods. 
The returns from the field crops do rarely more than cover 
the outlay on account of labour, seed corn, etc. ; hence the 
system is now restricted to hilly parts, where a sufficient area 
of permanent fields is not available, and where additional 
occupation for the existing population is wanted, the forest 
lands not being of sufficiently good quality to make their 
conversion into permanent fields desirable. 

The species of tree which is most commonly cultivated in 
this manner is the oak, and next to it the lurch and hornbeam, 
while Scotch pine is frequently brought in after the cultivation 
of cereals has ceased, to help in covering the ground and 
increasing the I'evenue. 

The cereals usually grown are : — 

Buckwheat — Poli/ponum Facjojnjvmn and tartariam, L., and 
rye — Secale cereale hihenium. 

The buckwheat is sown immediately after the clearing and 
burning, say in June, and harvested 6 or 7 weeks afterwards. 
The rye is sown in autumn and reaped in the following 
summer, when the cultivation of field crops ceases. In some 
cases the buckwheat and rye are sown together, the former 
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being harvested in late summer of the first year, and the 
latter in the summer of the second year. 

1), Hif/li For(*i^t ('(mhined with the Oultivation of Field Groj^s. 

After each cutting over of a high forest the soil is used for one 
or more years for the grov^th of field crops. The young forest 
crop is established, either at once, or after the growth of 
cereals has ceased, by sowing or planting in lines, or by 
sowing broadcast with the last crop of cereals. In some cases 
the soil is burned over after the clearing of the forest crop, as 
described in the case of coppice. 

In addition to buckwheat and rye, frequently oats, potatoes, 
etc'., are grown. 

c. Effect of the System on the Fmtors of the Locality, 

The two variations of the system are subject to the ordinary 
disadvantages of the clear cutting system, and in addition the 
cultivation of field crops may exhaust the soil. Hence, they 
are only permissible w^here they are an absolute necessity, or 
on soil which can bear the strain of clear cutting and of the 
growing of field crops without becoming exhausted. Where a 
crop of spruce or Scotch pine is to be immediately followed by 
a new crop of the same species, the burning followed by the 
cultivation of a field crop can be recommended, wherever 
danger from insects is to be feared, the latter being destroyed 
or driven away by the burning. 

The system is still extensively practised in India under a 
variety of names, as j booming, dhya, kumri, taungya cultiva- 
tion, etc. There the whole of the old crop of wood is generally 
burned, so as to obtain as large a quantity of ashes as possible. 
Of late years the practice has been taken advantage of in 
Burma to produce young teak woods. The clearings are made 
in comparatively useless forest, the cultivators undertaking to 
sow or plant teak between their field crops, for which they are 
paid at an agreed rate at the end of the first, second, or third 
year. 
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11. Forestry combined with Pasture. 

Pasture lands are widely j)lanted with forest trees, which 
yield a certain return, and also improve the value of the 
pasture by keeping out cold or dry winds and by affording 
shelter to the cattle. Broad-leaved species may also be lopped 
for cattle fodder. 

The trees are established by planting strong seedling plants, 
which must be effectively protected against the cattle until the 
crowns have grown beyond their reach. The trees may be 
placed in lines. 


12. Forestry combined with the Rearing of Game. 

A forest, which is fenced and stocked with deer or other 
game, is called a preserve, or deer forest. The game, as a 
rule, interferes much with the production of trees, the latter 
being frequently the less important consideration. 

High forest is usually preferable to coppice, because 
regeneration recurs only after longer intervals, and deer 
especially prefer coppice shoots to seedling plants ; at the same 
time coppice woods suit most kinds of game better than high 
forest. Species which produce food for the deer, as oak, 
chestnut, etc., should be represented in deer forests. 

Young growth must be carefully fenced ; planting is 
preferable to sowing, as the object should be to reduce the 
regeneration period to a minimum. 


Section II. — Choice of System. 

It has been shown in the last section, that each sylvicultural 
syste^n has its special advantages and disadvantages, and that 
their effects differ principally in respect of the production of 
wood, the power of resistance against external dangers, and 
the preservation of the factors of the locality. All these and 
many other matters must be considered in selecting the system 
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which is best adapted to any sjDecial set of conditions. They 
may be brought under the following headings : — 

(1 .) Suitability of the system to the selected species. 

(2.) The permanent preservation or even improvement of 
the factors of the locality. 

(3.) Protection against external dangers. 

(4.) Safety and simplicity of the method of regeneration, 

(5.) Quantity and quality of the produce. 

(6.) Intensity of management. 

(7.) Existence or absence of forest rights. 

1. Suitahilitij of the S'^stem to the selected Species, 

This is a consideration of the first importance in all cases, 
where it is desired to grow a particular species. In the first 
place, coniferous species cannot be treated as coppice woods ; 
while several broad-leaved species, such as beech and birch, 
possess only a moderate reproductive power by shoots. In all 
such cases only the high forest systems are indicated ; beech 
and birch at any rate should not be grown in pure coppice 
woods. Again, light demanding species with thin crowns are 
but badly suited for ordinary simple high forest ; they should 
be raised as standards in coppice with standards, or in two- 
storied- high forest, or with a coppice underwood, or in mixtui’e 
with shade bearing species. Such species are also difficult to 
raise under shelter-woods. On the other hand, tender shade 
bearers like beech and silver fir are better adapted to the 
shelter- wood systems than to the clear cutting system. 
Lastly, whenever a system involves two crops of uneven age 
on the same area, the overwood must consist of a thin 
crowned, that is to say, light demanding species, and the 
underwood of a dense crowned or shade bearing species. 

2. Preservation of the Factors of the Locality. 

On general economic principles, forests should be worked 
and managed for a sustained yield, and not for a temporary 
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high return ; hence it is necessary to select a system under 
which the factors of the locality are at least maintained, and 
if possible improved. 

In the case of exceptionally good localities with a rich fresh 
soil and a favourable state of moisture and temperature of the 
air, any system can be adopted which answers to the other 
requirements of the case. On all localities of only middling 
quality, and still more so on poor localities, the first considera- 
tion must be the preservation of the factors of the locality, or 
else a steady deterioration will set in, which may end in 
complete sterility. In such cases clear cuttings must be 
avoided as much as possible, and every effort made to keep the 
area permanently stocked with a crop of trees ; in other words, 
to regenerate under shelter-woods, so as to lead the old crop 
gradually over into a new crop. Unless this precaution is 
taken, the degree of moisture in the soil undergoes violent 
changes, which act most injuriously on production. The 
systems best adapted in such cases are the shelter- wood selec- 
tion system, the other shelter-wood systems which produce 
an uneven aged young wood, the shelter-wood compartment 
system, and coppice with standards. 

3. Protection agaUiM external Dangers, 

It should be the object of a good management to produce 
healthy woods, which are capable of resisting successfully the 
dangers to which they are exposed during life. Though 
species and method of regeneration are of princii)al importance 
in this respect, the system is also of some account. 

Where the object is to counteract the eroding effects of 
water running down sloping ground, to prevent the occurrence 
of landslips, avalanches, or devastation through shifting sand, 
woods of uneven age must be the rule, such as are produced 
under the shelter-wood selection system, the group system, etc. 

Whether uneven aged woods suffer less from wind, snow 
and ice than even aged woods is as yet an open question. 

In respect of frost, drought and insects, the clear cutting 
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system yields the worst results, the shelter- wood compartment 
system comes next, and then the systems which produce 
uneven aged woods, the shelter-wood selection system being 
best of all. 

On the whole, localities differ much ; some rarely or never 
suffer from storms, snow, etc., while others do so every year. 
Such peculiarities must be taken into account in selecting the 
system. 

4. Safetif and Simplicity of the Method of Regeneration. 

Whether the one or other method of regeneration is the 
moi’e suitable, depends on local conditions. In some cases 
artificial, in others natural regeneration by seed or by copi^ice 
is indicated. More especially the importance of shelter-woods 
in the case of middling and inferior localities must never be 
overlooked, as well as in the case of those which are subject 
to external dangers. Again, in some cases natural regenera- 
tion is easy, in others difficult or almost impossible, and a 
selection must be made accordingly. Another point is, that 
trees standing in an uneven aged wood produce, as a rule, 
more seed than those in an even aged wood. Finally, the 
system which acts most favourably in respect of the factors of 
the locality will also, as a rule, produce the most favourable 
germinating bed for the falling seed. 

5. Quantity and Quality of Produce^ 

Woods yield timber, firewood, and a variety of minor 
produce. As regards wood, a distinction must be made 
between timber and firewood. Where only the latter is 
wanted, that system is preferable which yields the largest 
volume or greatest weight of produce within a certain space 
of time. ‘ Where the objects of maiiagement centre in the 
production of timber, other considerations prevail. Such 
production, if the timber is to be of any size, takes long 
periods of time, and it demands a continuous energetic action 
of the locality. More especially a continuously even degree of 
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moisture in the soil has to be aimed at. Next, the proper 
amount of light must be given to each individual tree, in 
other words, a sufficiently large and well- developed crown. 
These considerations lead to the following conclusions : — 

(a.) On fertile soil, with a sufficient degree of moisture, in 
the case of shade bearing species, and under moderately 
high rotations, the even aged systems yield satisfactory 
results, and their selection is justified. 

(b.) On less fertile soils, which necessitate a careful 
husbanding of the factors of production, in the case 
of some of the species being light demanding, or under 
a high rotation, the systems of uneven aged woods are 
desirable. 

The former produce principally long and clean timber, the 
latter greater girth. 

In many cases the objects of management favour the pro- 
duction of minor produce, and the system must be selected 
accordingly. Where tanning bark of oak is wanted, the 
system of coppice is in its place. Osier beds require to be 
planted in cleared land. The growth of field crops also is 
only practicable under the system of clear cutting; at the 
outside, only a few standards may be left on the ground. 
Where grass and grazing is wanted, the woods should be even 
aged, or else the cattle will damage the young trees, etc. 

6. IntcnfiiUj of Mancufement, 

The more valuable the returns of a forest are, the more 
intense, or careful and detailed, should be the system of 
management. 

The capital invested in a forest differs considerably under 
different systems, it being composed of the value of the land 
plus the value of the growing stock, apart from buildings, etc., 
which would be required under any system. Hence, high 
forest requires a much larger capital than coppice, and often 
yields a smaller interest on the invested capital than the 
latter. 
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Artificial regeneration requires a periodical outlay of cash 
for sowing and planting, while natural regeneration can he 
efiected without such outlay, though it may involve a con- 
siderable loss of time. 

The transport of the material is considerably cheaper in 
even aged woods than in uneven aged woods, because in the 
former case the operations are more concentrated. The same 
holds good as regards supervision. 

The shelter-wood systems require more skilled labour than 
the clear cutting systems. They also make much greater 
demands on the intelligence and industry of the manager, 
because they require higher skill and more constant super- 
vision. 

7. Existence or Absence of Eights. 

In many cases the existence of rights necessitates the 
selection of a particular system. For instance, where large " 
timber has to be provided to right-holders the coppice system 
would be inadmissible. 

8. Summary. 

Every sylvicultural system has its advantages and dis- 
advantages, and it is necessary to ascertain in every special 
case, whether the balance of the two tends towards the one or 
other system. From a sylvicultural point oj view, the first 
point for consideration is the general suitability of the system, 
and next the continued preservation and, if possible, improve- 
ment of the factors of the locality ; temporary, or immediate, 
financial considerations should only prevail in so far as they 
do not interfere with the two former considerations. 
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FOEMATION AND EEGENEEATIQN OF 
WOODS. 

The formation of a wood comprises all measures having for 
their object the production of a new crop of trees. Such a 
crop can spring up from seed, slips, layers, pieces of roots, or 
from stool shoots and root suckers. In some cases the forma- 
tion of a new crop is the result of the spontaneous action of 
nature, in which ease the forester speaks of natural formation 
or regeneration ; in others, the seed or young plants are brought 
on to the land by the action of man, when the process is called 
artificial formation. A further distinction must be made as 
regards the special kind of material employed in the formation 
of a wood. Again, two or more methods of formation may be 
combined. And again, a wood may be composed of a mixture 
of two or more species. Finally, certain preliminary works 
may have to be carried out before the formation of a wood 
can be commenced. Accordingly, this part has been divided 
into the following chapters : — 

Chapter I. Preliminary Works. 

,, II. Artificial Formation of Woods. 

,, III. Natural Eegeneration of Woods. 

,, IV. Formation of Mixed Woods. 

,, V. Choice of Method of Formation. 


i 2 
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CHAPTEE I. 

PBELIMINARY WOBKS. 

Bbfoee a wood can be formed certain preliminary matters 
must be attended to. These will be indicated in the following 
three sections : — 

Section I. — Choice of species. 

„ II. — Fencing. 

,, III. — Reclamation of the soil. 


Section I. — Choice of Species. 

The success of forestry depends in the first place upon a 
judicious selection of the species of tree which is to be 
grown under a given set of conditions. A full considera- 
tion of this matter is of great importance, because mistakes 
made in the selection of species cannot, as a rule, be recti- 
fied until after a considerable lapse of time. Most indigenous 
species thrive almost equally well on ordinary soils for a 
series of years, while those unsuited for a particular locality 
commence falling off only after perhaps 20, 30 or even more 
years. 

The full success of a sj)ecies depends on many things, 
amongst which the following deserve special attention : — 

(1.) Suitability for the objects of management. 

(2.) Adaptability to the desired sylvicultural system. 

(3.) Exposure to damage by external causes. 

(4.) Suitability of species for the locality. 

To which may be added, 

(5.) Desirability, or otherwise, of a periodical change of 
species. 
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1. Siiitahility of the Species for the Objects of Mcmageiiient. 

The varying objects of management have been indicated on 
page 1. Whatever they may be in any special case, the 
species must be selected so as to do them full justice. 

If the object is to grow produce of a definite description, 
the species must be capable of yielding it ; it would be useless 
to grow yew for hop poles, or poplar for naval construction. 
Where the objects of management are governed, or influenced, 
by existing forest rights demanding timber or firewood of a 
particular species, that tree must be grown. If, on the other 
hand, third persons are entitled to trees of certain species, 
should they happen to appear on the area, the owner would 
not voluntarily cultivate them. 

Where the object is to produce the greatest possible quantity 
of material per unit of area, that species must be selected 
which produces the highest average annual increment. 

In gauging the financial desirability of a species, the 
quantity and quality of the produce, as well as the expense 
of rearing it, must be taken into account. In some cases 
only certain species are saleable, while others are without 
value. Again, some species produce a much higher percentage 
of timber as compared with firewood, than others. 

Species with a thin crown are indifferently adapted for wind 
breaks, whereas they may be specially suited for nurses over 
a tender crop, or as standards over coppice. 

The above instances will suffice to show that the number of 
species which may be desirable in any given case is narrowed 
down by the objects of management. 

2. Adaptability oj the Species to the desired Sylvicultural 

System. 

All species of trees can be treated as high forest, but only 
a certain number as coppice woods. The conifers of temperate 
Europe either do not coppice at all, or very indifferently ; 
even some of the broad leaved species do not yield satisfactory 
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results. Shade hearing species are not desirable as standards 
in coppice with standards. A selection of species must be 
made accordingly. 


3. Exposure of the Species to Damage by External Causes. 

The selection of species to be planted is further narrowed 
by the degree to which they are exposed to injury by external 
causes, as fire, frost, drought, cold winds, strong gales, insects 
and fungi. Conifers, for instance, are more exposed to damage 
by fire than broad leaved species ; larch and silver fir suffer 
much from canker ; spruce is liable to be thrown by wind ; 
beech and silver fir are frost tender, while Scotch pine and 
birch are frost hardy ; Scotch pine and spruce are more 
subject to damage by insects than any other European 
species, etc. All these matters influence the choice of species 
under a given set of conditions. 


4. Smtahilihj of the Species for the Locality. 

From the point of view of Political Economy the imj)rove- 
ment, or at any rate the maintenance, of the yield capacity of 
the land is the most important consideration. Whether the 
owner of a forest be the State or a private person, he will find 
a system of management recognising that principle to be the 
most profitable in the long run. Hence it must be the 
forester’s endeavour to grow species which not only suit the 
locality, but also tend to improve it. 

In the first place the quality of the locality must be carefully 
ascertained, so as to avoid growing a species which has no 
chance of thriving on it. This task is by no means an easy 
one, because the effects of some of the factors of the locality 
on tree growth are as yet imperfectly understood. The 
climatic factors are of special importance ; hence the efi'ects of 
the geographical position, altitude, aspect, gradient, contour 
and surroundings of the locality upon the temperature, degree 
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of moisture and air currents must be carefully considered. 
The soil and, if necessary, the subsoil as well must be 
examined as to depth, degree of porosity and moisture, com- 
position and admixture of humus. The development of any 
trees already growing on the locality, or in its vicinity, should 
be carefully studied. An investigation of this kind will 
generally indicate what species are capable of thriving on a 
locality ; it should, however, not be overlooked that any species 
found growing naturally on the area are not always those best 
adapted for it, because their presence may depend on circum- 
stances other than a general suitability of soil and climate : 
for instance, a shade bearing species may have ousted a light 
demanding one, or a greater power of reproduction may have 
enabled one species to drive out another possessed of less 
energy in that respect. 

As long as the factors of the locality are fairly the same 
over the whole area, the latter may be treated in a uniform 
manner, but the occurrence of decided differences may 
necessitate the selection of different species for different parts. 
Any attempt at uniformity in spite of such differences may 
lead to a serious loss in returns. 

In order to provide for a continuous preservation of the 
fertility of the locality, it is necessary to select species which 
give sufficient shelter to the soil and a good supply of humus, 
or, at any rate, to mix such species in sufficient numbers with 
those which do not shelter the soil. This rule can only be 
disregarded in thoroughly favourable localities. Under these 
circumstances, species with dense crowns must receive special 
attention in making a selection for middling and inferior 
localities; in addition, interference with the fertility of the 
soil, such as the removal of leaf mould, excessive grazing, 
faulty treatment, etc., must be carefully avoided. Above all, 
personal fancy on the part of the forester for a particular 
species must be set aside. 

Not unfrequently several species are found to be equally w^ell 
adapted for a locality. In such cases other considerations 
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must decide which shall be grown, or whether a mixed wood 
is j)referable. 

Owing to the great variety of the factors of the locality the 
task of selection is, frequently rendered difficult. On fertile, 
deep, fresh soil almost any species will thrive. Again, where 
the locality has such a decided character that only one or 
two species are admissible, the choice is easy enough ; for 
instance, deep dry sand points to the cultivation of the 
Scotch or Weymouth pine, wet soil to that of the alder. 
"Where, however, the fertility of the soil has deteriorated, 
for instance by the continued removal of litter, or where 
damage by fire, frost, drought, snow, storms and insects 
may be apprehended, it is often difficult to select the most 
suitable species. 

Frequently the factors of the locality do not exactly corre- 
spond with the requirements of any species, so that the power 
of accommodation becomes an important element. This 
power in the case of some species is confined within narrow 
limits, while others can adapt themselves to all sorts of 
conditions. For instance, Scotch pine and birch are very 
accommodating as regards soil and climate; spruce, beech 
and silver fir are less accommodating, and still less so are the 
maples, alder and ash. Sometimes the power of accommoda- 
tion depends chiefly on one factor ; if that is not present the 
species will not thrive. Taking for instance the temperature, 
sweet chestnut and common elm are exacting, while Scotch 
pine is the reverse. Oak and alder require particular degrees 
of moisture in the soil, while birch and Scotch pine are not 
particular. Spruce prefers moist air, etc. 


5, Change of the SpecicH. 

The question deserves to be mentioned here, whether in 
sylviculture, at the end of successive rotations, a change of 
species is advisable, or not. Change of crops is practised in 
agriculture, because different species make different demands 
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on the soil. By changing the crop annually more time is 
given for the accumulation of the substances which a particular 
species may require. In the same way it has been suggested 
that better results might be obtained in sylviculture by a 
change of species, especially as certain phenomena seemed to 
support such a view. It has been observed, for instance, that 
coniferous trees here and there supplant broad leaved species, 
that spruce frequently usurps the place of silver fir, and birch 
that of Scotch pine, or that exacting species no longer thrive 
in certain localities. 

On a close investigation such a theory will be found unten- 
able except on poor soils. Timber trees take comparatively 
small quantities of mineral substances from the soil, if the leaf 
mould be not removed, in fact, onl}'- about one-twelfth of the 
total quantity required by field crops, and about one-twentieth 
of the rarer substances hence, all except poor soils can go 
on providing the necessary quantity of mineral matter for any 
length of time. The trees protect the soil by their foliage, 
whilst the fallen leaves afford a substantial amount of organic 
matter, in addition to the inorganic materials jn'eviously taken 
from the soil. This amount may be so considerable that an 
increase of fertility may actually be produced. If, neverthe- 
less, in some cases a reduction of the fertility should be 
observed, it will be due to insufiicient shelter afforded by trees 
with thin crowns, to heavy removals of litter, faulty treatment, 
fires, or other causes. 

The fact that one species sometimes supplants another is 
generally due to its greater reproductive power, or its greater 
resisting power against external influences. For instance, the 
felling of a spruce or Scotch pine wood may be followed by the 
appearance of large numbers of insects, which breed in the 
stools of the trees left in the ground, and destroy any young 
crop of these species which may spring up ; other species not 
subject to such attacks may then occupy the ground, if allowed 
to do so. 


See page 
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As a rule in sylvicultiii*e a change of species is called for 
only in special cases, such as the following : — 

(1.) When the original species has, on general grounds, 
been found unsuited for the locality. 

(2.) When an inferior species is to be replaced by a more 
valuable one. 

(3.) When the fertility of the soil, in consequence of faulty 
treatment, heavy removal of litter, etc., has deteriorated, 
so that the ‘original species will no longer thrive on it, 
and must give way to one less exacting. 

(4.) When a temporary shelter- wood (nurses) is required for 
a tender species. 

(5.) When the object is to extend the growth of one species 
uniformly over a certain area. 

Section II. — Fencing. 

Fencing is used for nurseries and woods. Whether it is 
required for the latter depends on the extent to which a 
particular species is exposed to attacks by cattle or game. 
Erecting fences is ordinarily one of the heaviest items of 
expense in the formation of woods, and it is essential to select 
in each case that kind which, while meeting the necessary 
requirements, involves a minimum outlay. 

The number of different kinds of fences which are in use or 
have been suggested is very great. It is not intended to 
describe these here in detail, as a practical knowledge can 
only be obtained out of doors. It will suffice to enumerate the 
principal kinds, and to give illustrations of a few which seem 
specially adapted for sylvicultural purposes.^ 

1. Hedges. 

Hedges are formed of a great variety of trees and shrubs, of 
which, for temperate Europe, the following may be mentioned : 
Hawthorn, blackthorn, beech, furze, holly, laurel, yew, box, 

^ A detailed account of fences will be found in ‘‘ The Forester,” by James 
Brown, 5th edition, pages 98 — 170. 
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privet, barberry, hornbeam, birch, elder, spruce and silver fir. 
For sylvicultural purposes hawthorn, beech, hornbeam and 
spruce are perhaps most to be recommended. Several years 
will elapse, however, before they can efficiently protect an area 
against cattle or game ; hence they must either be planted 
beforehand, or augmented by a temporary fence of some other 
kind. 

Pig, 5 represents a cross-section of a wedge-shaped thorn 
hedge (after Brown). 



Fig. 5. Fig. 6. 


Fig. 6 shows a longitudinal section of a thorn hedge (after 
Heyer) ; each plant has been coppiced near the ground ; of 
the shoots which appeared, two were left on each stool, 
trained to opposite sides and interlaced. Such a hedge can 
be made to keep out hares and rabbits. 

Living hedges are, in forestry, only used for nurseries or 
along roads leading to pastures. 

2. Walls. 

These may be dry stone walls, or they may be constructed 
with mortar. The former are liable to fall, and the latter 
are very expensive. Walls generally interfere with the free 
circulation of air ; in some cases this may be desirable for 
the purpose of protecting tender plants against cold air 
currents. 
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Turf dykes are walls constructed of turf ; they can replace 
stone walls, where turf is abundant and stones are rare ; at 
the same time they are of a perishable nature. In the 


c 



Fig. 7. 


accompanying Fig. 7 (after Brown) the natural surface line 
is represented by a, a, a, while 6, h are the places where 
the turf has been excavated, and c, c, the dyke consisting of 
successive layers of turf. 

3. Wooden Palings- 

There is an endless variety of wooden palings. 



Fig. 8. 


Fig. 8 shows a wooden fence, affording protection against 
rabbits on one half of the diagram. It suffers under the 
disadvantage that all the upright spars must be driven into 
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the ground, which causes them to rot. To reduce this danger 
the inserted part should be tarred or creosoted. It is far- 
better to replace the short spars by wire netting. 

Frequently wood fences are made in sections, so that they 
can be carried from one place to another. 

4. Ditches. 

Ditches for keeping out animals should be constructed with 
a perpendicular wall (a) on the inside and a gentle slope (b) out- 
wards (Pig. 9) ; sometimes the perpendicular side is faced by 



a stone wall (c) to prevent its falling in. On the whole, ditches 
are expensive, if constructed so as to be lasting ; hence in the 
majority of oases they are only used as an auxiliary to other 
fences, for instance a wooden paling or a wire fence (d). 

5. Wire Fences. 

Here, again, a great many varieties have been introduced, 
some having iron standards and others wooden supports. In 
the case of permanent nurseries iron standards may be desir- 
able, but in fencing woods, which only require protection for 
a limited number of years while under regeneration, wooden 
supports will, in the majority of cases, be found cheaper. On 
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the whole, for sylvicultural purposes, wire fences with wooden 
supports are probably more suitable than any other kind. 

Fig. 10 represents a fence consisting of wooden supports, 
with six wires so arranged as to keep out horned cattle, horses 
and sheep ; height 4 feet, a - - - a, shows the surface of the 
soil ; t and c the two end or straining posts of a section, which 





Kg. 10, 


should not be further apart than 600 feet ; d, d represent 
intermediate thinner posts, placed from 5 to 10 feet apart ; I 
and c have each six holes bored into them. At b the ends of 
the wires are passed through these holes, bent round the post, 
and fastened securely to the wires at c. At the other strain- 
ing post, c, the wires are strained and fastened by various 
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contrivances, one of which is shown in the illustration. It 
consists of a screwed eye-bolt not lees than 12 inches long. 
The end of the wire is fastened to the eye of the bolt (Fig. 
11, a), and the latter passed through the hole in the straining 
post. On the other side a nut, b, is screwed on after first 
inserting a plate or washer, c, to prevent the nut from cutting 
into the wood. By turning the nut sufficiently the wire 
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becomes strained. The wires are fastened to the intermediate 
posts by staples (Pig. 12). These are driven half-way into 
the posts and the wires passed through, before the straining 
commences. They are driven home when the straining has 
been completed. 

Pig. 18 shows a cast-iron straining bracket fastened to a 
wooden pillar ; this is worked with a key. It is used mstead 
of the eye-bolt. 

Where rabbits or hares are to be kept out, wire netting may 
be added to the lower part , of the fence. 



Fig. 12 . Fig. 13 . 


The cost of the materials in England may be estimated as 
follows : — 

Wire, imperial standard wire gauge. No. 8, about one 
shilling per 100 feet ; galvanised, J more. Straining bolts, 
12 inches long, | inch diameter, with nut and washer, 
tenpence each. Straining brackets (Pig. 13), tenpence each. 
Steel staples, per 1,000, 9s. ; galvanised, ^ more. Thus the 
iron materials come to about 3cL a yard, or id. if galvanised 
wire and staples are used. The cost of the posts and of 
labour depends on local circumstances. 

For nurseries iron fences may be used, to which wire 
netting may be added, if necessary. Fig. 14 represents such 
a fence. It is 4 feet high, the pillars are 2J feet in the 
ground, and the fence is strong enough to keep out horned 
cattle, sheep, goats, hares and rabbits. The straining pillars,' 
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a, are so arranged as to strain the ■wires on both sides ; they 
are usually, in this fence, placed 220 yards apart. The stan- 
dards, 6, are tee-irons, 1^" x 1^” x placed 12 feet 

apart. The top wire is galvanised barb No. 4, the three 
lower wires No. 6 galvanised strand. The netting is IJ inches 
mesh, medium quality ; it reaches 3|- feet above ground, and 
is pegged down 6 inches along the surface outside, to 



Fig. 14. 


prevent rabbits burrowing under it. This fence is offered in 
the London market for Is. a yard.* 

6. Combinations. 

Frequently two kinds of fences are combined. More par- 
ticularly wooden palings or wire fences or even turf dykes 
and walls may be added to ditches, or walls and turf dykes 
may carry a wire fence or a wooden paling (see Fig. 9). 

7. Choice of Fence. 

The choice of fence depends chiefly on : 

(1.) The time during which it is required. 

(2.) The species of animal to be kept out. 

If an area is to be protected permanently, or at any rate 
during a considerable period of time, the fence should be of a 
substantial nature, such as a living hedge, wire fence with 
• By the Iron 'Wire, Wire Rope, and Fencing Company, Westminster. 
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iron standards, or stone wall. For a limited number of years, 
wooden palings, a wire fence with rough wooden standards, or 
a turf dyke will be cheaper. 

Protection may be provided against horned cattle, horses, 
sheep, goats, and deer by any of the above-mentioned fences. 
Where hares and rabbits are to be excluded as well, wire 
fences, and often also hedges and wooden palings, require the 
addition of wire netting, or a similarly effective arrangement. 
In the case of rabbits and hares only, wire netting, with cheap 
standards, sufllces ; the wire netting must go from 6 to 12 
inches below the surface ; a still better arrangement is to lay 
it flat on the surface on the outside for 6 to 12 inches and cover 
it with soil or turf, 

Against ordinary cattle a height of 4 feet is sufficient, but 
against deer the fence should be 6 and, even 7 feet high. 


Section III. — Eeclamation of the Soil. 

Soil may be called fertile for sylvicultural purposes, if it 
possess sufficient depth, a suitable degree of porosity and 
moisture, and a suitable chemical composition. Forest 
soil, if undisturbed, will in most cases maintain, or even 
acquire, those physical conditions which render regular arti- 
ficial tillage unnecessary. Immediately before and during 
the formation of a wood, however, certain things may have to 
be done to render the soil fit for the growth of trees. These 
measures may be divided into the following two groups : — 

(a.) Eeclamation of soil unfit for the growth of trees, and 

(6.) Tillage of the soil concurrent with the formation of 
a wood. 

The latter will be dealt with in connection with the various 
methods of starting a wood. Group {a) includes the following 
measures : — 

(1.) Treatment of an impermeable substratum. 

(2.) Treatment of swampy ground generally. 

(3.) Irrigation of arid land, 

S. K 
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(4.) Treatment of excessive layers of vegetable matter. 

(5.) Fixation of shifting sand. 

(6.) Fixation of unstable soil on slopes. 

It 'would rec[uire a volume to itself to deal exhaustively 
with these matters; hence, in this place, only a few short 
remarks can be made on the more important points. 
Those who require more detailed information will find 
it in Volume IV. of this Manual and in special works on 
the several subjects. 

1. Treatment of an Imper77ieable SubstraUmi. 

Impermeable strata in the soil consist in some cases of an 
accumulation of clay, which has by degrees been washed out 
of the surface layers and deposited at a certain depth ; in 
other cases sand or gravel has been converted into a hard 
rock-like mass by the addition of organic matter, clay, or 
oxide of iron. Such a stratum is frequently called ap®i. It 
may be found at varying depths below the surface ; if at a 
depth of 4 feet or more, it does not, as a rule, interfere with 
the growth of forest trees, except perhaps on arid unirrigated 
ground, but if it occurs nearer the surface it may produce the 
following injurious effects : — 

(a.) Interference with the development of a proper root 
system, followed by small height growth and liability 
of the trees to be thrown by strong winds. 

(6.) Interference with the movement of water in the soil, 
preventing its penetration into the subsoil during wet 
weather, and its ascent during dry weather ; in other 
words, it may render the soil too wet at one time and 
too dry at another. 

The remedy is to break through the impermeable stratum, 
so as to connect the upper and lower permeable layers of the 
soil. According to the nature of the pan and its depth below 
the surface one of the following methods of treatment must 
be adopted : — 

(a.) Deep ploughing. 
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(b.) Trenching, 

(c.) Raising the surface level. 

If the lowest part of the pan is not deeper than 18 inches 
below the surface and not too hard, ploughing may be adopted ; 
the pan, being brought to the surface and exposed to the 
atmosphere, soon disintegrates. Pans situated at a greater 
depth than 18 inches must be broken through by trenching 
with spade, hoe, pick, or crowbar. In either case the operation 
is expensive, hence it is usual to treat only part of the area, 
in strips, patches, or holes. Strips may be 2 to 3 feet 
broad, separated by unbroken ground 4 to 6 feet in breadth, 
so that the actual work is restricted to about one-third of the 
area. Patches may be of various sizes, down to holes about 
12 inches square. 

If the pan is very thick and goes to a greater depth than 
3 feet, it may be cheaper to raise a portion of the land by 
cutting ditches at intervals and placing the excavated earth 
on the intermediate strips, thus providing the latter with 
a depth of soil sufficient for the production of trees. 

The treatment of impermeable strata is always an expensive 
matter, so much so in many cases that the utilisation of the 
area becomes altogether unprofitable. In some cases the 
expense may be avoided by planting a shallow rooted species 
and being satisfied with moderate returns. 

2. Treatment of Swampy Ground generally. 

Each species thrives best with a definite degree of moisture 
in the soil at all times of the year. That degree differs con- 
siderably in the case of the several forest trees ; while some 
like moist and even wet soil, others will not flourish in such 
localities, and none of them in stagnant water. It follows 
that an excess of moisture, over and above what is suitable 
for a given species, must be removed before a wood is started. 
The method of doing this depends on the cause of the excess 
of moisture. 

A locality becomes swampy if it receives more water than 
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can be disposed of by evaporation, filtering into the subsoil, 
or surface drainage. An excess of water may be due to ex- 
cessive rainfall, inundation, underground currents, or springs; 
in the first two cases the swampiness may be only temporary. 
The natural draining away of the excess water may be im- 
peded by an insuflScient local gradient, by an impermeable 
soil, or by both combined, the last being the usual case. 

Before removing the surplus water from a swampy piece of 
ground, the expense and the effect of drainage on the sur- 
rounding lands should be carefully considered. The cost is, 
as a rule, considerable and sometimes prohibitive; draining 
a swamp may, especially in a hilly country, sei'iously reduce 
the necessary degree of moisture of adjoining areas, the level 
of underground water, the continuous flow of water in the 
ordinary water channels, or even the amount of rain and 
dew in the neighbourhood. Existing wmods, which have 
become accustomed to a certain degree of moisture, may 
thus be seriously injured.^ 

If, after full consideration, it has been decided to remove 
the excess water, this can be done either by divertiiig the 
water before it reaches the swampy ground, or by draining 
the latter. 


a, Divmion of Excess Wafer, 

This is done by embankments in the case of inundation 
water coming h-om rivers in low lands, or by ditches in tlie 
ease of spring water or surface drainage coming from higher 
ground. 

Inundation water moving over the surface of the land may 
be kept out of a certain locality by a surface embankment; 
if the water moves underground, it can only be stopped by a 

substantial underground embankment, such as a stone or 
concrete wall. 

^Spring water and surface drainage in hilly ground is caught 

w«lk, WindBor Park, 

had, in conse-inence, been blocked again, toe reliSg tlee r"c™r 
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and diverted by running a ditcb of suitable dimensions 
along the slope of the hill just above the swampy ground. 
The ditch intercepts the water and leads it past the swamp. 
In cases where the spring is situated in the swampy ground 
itself, only draining can meet the evil. 

b. Drainage. 

A swamp may be drained : — 

(1.) By increasing the gradient (or width) of existing water- 
courses. This is practicable when the latter pursue a winding 
course ; in such a case the course may be straightened, so as 



Pig. 15. 


to increase the velocity of the current. This method is only 
occasionally applicable. 

(2.) By breaking through an impermeable stratum in the 
soil, so that the water can filter into the subsoil (Pig. 15). 
Here a represents the water, h and d permeable strata, and 
c an impermeable stratum ; e the channel leading from the 
swamp to the lower permeable stratum. 

(3.) By constructing a series of ditches, or laying down a 
series of drainage pipes. The latter are rarely used in 
forestry, because they are expensive and liable to be choked 
by the roots of the trees. Por the same I’easons covered 
ditches are only rarely employed. The method usually 
followed consists in the construction of a series of open 
ditches, because they are comparatively cheap, whilst setting 
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aside a portion of the area for ditches does not reduce the 
returns. 

There may be three kinds of ditches : — 

(1.) The collecting ditches, or feeders ; 

(2.) The connecting ditches, or leaders ; 

(3.) The main drain. 

See Pig. 16. 

The feeders receive the water from the soil and conduct it 
to the leaders, whence it is taken into the main drain. In 
some cases the feeders fall directly into the main drain. 

The first step in proceeding to drain an area is to take 
levels, so as to ascertain accurately the fall of the locality ; 
if the area is of some extent, a map showing contour lines 
should be prepared. Unless this is done, mistakes are 
likely to occur in laying out the system of drains. 

The second step is to lay out the main drain, if possible 
along the natural line of drainage ; in other words, along the 
lowest part of the area. According to the natural fall of the 
land, the gradient of the main drain may have to be in- 
creased by cuttings, or reduced by giving it a winding course, 
so as to secure a suitable fall. 

The thii'd step is to lay out a system of feeders, more or 
less parallel to each other, at a suitable angle with the 
general slope of the country, and to connect them at an 
acute angle with the main drain, either directly or through a 
leader, which is similarly connected with the main drain. 

In laying out such a system of drains, the gradient, 
depth, shape and distance from each other require careful 
consideration. 

The gradient, or fall, should be such that the water is 
carried away with sufficient rapidity, without causing injury 
to the base and sides of the drains by the scouring action of 
the water. Where the natural gradient of the ground is in- 
sufficient, the base of the drain must be sunk until the 
necessary fall has been obtained. "Where it is too great, the 
drains must pursue a winding or zig-zag course, so as to 
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reduce the fall ; or the base and sides of the drains must be 
protected by a facing of stone, or fascines ; in some cases the 
base may be terraced. 



Fig. 16. 

a, a. Contour lines. c. Leaders, 

c, fl. Water parting. Main drain. 

5. Feeders. 

(The figures 170, 160, 150, and 140 give the elevation in feet above sea-level.) 

The maximum gradient 'which is admissible depends on 
the nature of the soil. Where the latter is of middling con- 
sistency an average fall of 1 per cent, would probably be 
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indicated; on firm soil it may be greater, on loose soil 
smaller. 

The depth of the feeders depends on the depth to which it 
is intended to drain the land ; the former must be somewhat 
greater than the latter. The depth to which the soil requires 
draining may vary from 18 inches to 3 feet, according to the 
species to be grown. Ash, hornbeam, and elm can do with 
18 inches, while Scotch pine, beech and silver fir, prefer soil 
'which is drained to a depth of 3 feet. 



c, c. Layers of soil actually drained. 





6. Leaders (fire feet deep), or main drains, 
c, c. Feeders. Depth at upper end, 3 ft. 6 in., at lower end, 4 ft. G in. 

(In these diagrams the height is exaggerated.) 

Figs. 17 and 18 illustrate the conaparative depth to which 
a locality is drained, and that of the feeders and leaders. 

The shape of the drains depends on the fall and on the 
nature of the soil ; the greater the cohesion of the latter, the 
steeper ‘may be the slopes of the sides. In the case of peat, 
the sides may be almost perpendicular, in stiff loam they 
should form an angle of about 45 degrees, and they must 
become more and more slanting, as the proportion of sand in 
the soil increases. The base of the ditch should be at least 
as broad as the spade which is used in making and after- 
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wards cleaning it. For the rest, the width of the drain 
depends on the body of water which has to be carried away. 

The distance between two successive feeders depends on the 
permeability of the soil, the depth of the ditches, the depth 
to which the land is to be drained, and the general fall 
of the locality ; it will accordingly range between 30 and 
100 feet. 

r, Emsing the Level of Pari of the Ground, 

If it: is undesirable or impracticable to drain a swampy 
area, it may, if the water is of moderate depth, nevertheless 
be rendered useful, by excavating part of it and using the 
soil so obtained to raise the level of the rest to a sufB.cient 
height so as to render the cultivation of trees practicable. 



rt— a. Natural level of swampy groimd. 
hj 1,1). Ridges on which the trees are to he planted. 


In such cases the raised parts form generally parallel ridges, 
as indicated in Fig. 19- 

Such works are expensive, and only species which stand 
a good deal of moisture can be grown. 

8. Irric/atiou of Ao’id Land. 

In temperate Europe irrigation is only employed in 
nurseries, but in more southern, tropical and arid countries 
extensive areas are artificially irrigated for the growth of 
forest trees. The details of irrigation must be studied from 
a special work on the subject.* In a general way, irriga- 
tion may be described as the reverse of draining ; thus in 
Fig. 16 (page 135), d would represent the main supply 

* For instance, “Tlie lloorkoo Treatise on Civil Kngmoeriiig in India,” 
Vol. ii., Section x. 
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channel, situated in the highest part of the area, c, c, c 
the leaders, and &, h, b the distributing trenches. The 
watering of the land may be caused by overflow from the 
trenches, or by percolation; in the latter case the trenches 
would only be just filled, and no more. 

Where extensive areas are to be irrigated, the channels and 
trenches must be carefully laid out, with a suitable fall, so as 
to prevent the bursting of the channels and the silting up of 
the trenches. 

4. Treatment of Excessive Accumulations of Vegetable 
Matter, 

Cases occur in which accumulations of vegetable matter 
have to be disposed of, before the formation of a wood can 
be taken in hand. Such accumulations may be objectionable, 
because they are so thick that the seedlings cannot reach the 
mineral soil within^a reasonable space of time, and run the risk 
of drying up ; or they may have become acid, or bituminous ; 
again, they may be accompanied by swampiness, or be liable 
to dry up too quickly. 

The following cases specially interest the forester : — 
a. Peat Bogs, 

To render a peat bog fit for the growth of timber trees, 
one or all of the following operations must be carried out : — 

(1.) Draining. 

(2.) Eemoval of at least a portion of the peat. 

(3.) Mixing the peat with mineral soil. 

The draining is done in the manner described above ; it is, 
however, desirable to do this gradually, so that the layers 
of peat may dry by degrees, to prevent the formation of ex- 
tensive cracks. The feeders should at first be of moderate 
depth, and gradually deepened, until the mineral soil is 
reached. 

When the layer of peat is shallow, it can, after draining, 
be mixed with the mineral soil below it, and thus rendered 
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fit for the growth of trees ; a good plan is to grow one or two 
field crops on the area, before the trees are planted. 

If the layer of peat is deep, 3 feet and more, the upper 
portion must be removed, and only the remainder mixed with 
the mineral soil. The cut peat may be used as fuel, but if 
not so required, it may be cheaper to burn the upper layers 
in situ when sufficiently dried by the draining, the ashes 
being mixed with the soil. 

ft 

1. Accumulation of Raiu Humus. 

This may consist of an accumulation of leaves, needles, 
weeds, moss and twigs, which, from want of moisture in the 
soil, or of heat or lime, has remained undecomposed. The 
case only occurs in already existing woods. To cure the evil, 
the wood must be thinned heavily, some time before regenera- 
tion is contemplated, so as to increase the admission of sunlight 
and air currents and accelerate thereby decomposition. If 
this measure proves insufficient, part of the humus must be 
removed, and the rest mixed with the mineral soil. 

c. Dry Mould and Bituminous Humus. 

The first is formed by the decomposition of certain lichens 
on over-dry soil ; the latter is the result of the decomposition 
of heather and various species of Yaccinium. Both are 
unsuited for young plants, and they should be removed. 

On the whole the cases mentioned under h and c occur 
but sparingly. 


5. Fixation of Shifting Sand. 

Sand of a fine grain, without a sufficient quantity of 
binding material such as clay or humus, is liable to be 
blown about, and to become moving or shifting sand, which 
overspreads adjoining lands. If the supply is kept up, these 
shifting masses of sand form regular waves which proceed at 
a certain rate in the same direction as that of the prevailing 
wind. Shifting sands are most prevalent along sea shores, 
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but occur also inland. In either case, but especially near the 
sea, they are capable of forming considerable accumulations 
of sand, reaching a height of 200 feet and even more, which 
are called dunes. Before such areas can be brought under 
wood, it is necessary to fix them, so as to allow trees to 
spring up and lay hold of the soil permanently. 

a* Coast Dunes. 

* 

Along the sea coast the waves constantly throw up sand, 
which, after drying, is carried inland by air currents, forming 
a series of ridges and valleys in many cases, though not 
necessarily, parallel to the sea shore. These sand hills move 
steadily forward, being replaced behind by fresh sand thrown 
up by the sea. The rate of progress varies considerably 
according to circumstances. On the west coast of France it 
is said to be about 14 feet a year, but as the process has gone 
on for a long period of time, an enormous area comprising 
millions of acres has become covered with sand. The further 
progress of the evil has been checked only in comparatively 
recent times by operations which it is useful to describe 
shortly in this place. 

The measures which must be taken are : — 

(1.) Cutting off a further supply of sand from the sea. 

(2.) Fixing the sand temporarily, so as to allow sowing or 
planting. 

(3.) Growing a crop of trees and bushes, which will per- 
manently fix the sand. 

(4.) Maintaining permanently a crop of trees and shrubs. 

The first of these four measures is based on the fact that, 
although air currents are capable of moving the sand along 
level and gently sloping ground, they cannot lift it above a 
certain height. Hence it is necessary, at a moderate distance 
(100 — 300 feet) from high water level, to form an artificial 
hill, which is high enough to arrest the forward movement 
of the sand, and this is done by the construction of an artificial 
dune, generally called the ‘'littoral dune.” With this object 
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in view a continuous line of paling is erected, consisting of 
planks about 6 feet long by 6 inches wide, 1 inch thick, and 
pointed at the lower end. The planks are inserted into the 
ground to about half their length, an inch apart, the direction 
of the line being parallel to the coast. Against this fence the 
sand is deposited, a certain portion being forced through the 



0 . First wattle fence. 

(1. An additional wattle fence, 
fi. Original surface of littoral dune. 

/, g. Surface of littoral dune in two subsequent stages. 

(The heights are exaggerated.) 

interstices and coming to rest in the comparatively quiet air 
immediately behind the paling. As soon as the accumulation 
of sand approaches the upper ends of the planks they are 
pulled up about 3 feet by means of levers, and this process is 
repeated until the artificial dune has reached such a height 
that no sand can be carried over the top (see Fig. 20). 
Simultaneously with the first erection of the paling a wattle 
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fence is placed at a convenient distance behind it, to prevent 
the sand which has passed through the paling from being 
carried inland ; when the first wattle fence has been entirely 
covered, a fresh one is made to replace it. In this way the 
dune is forced to adopt a moderate slope on both sides, which 
is essential to its permanent maintenance. The latter is 
effected by growing on it certain plants which are capable of 
living under such conditions. Amongst these the marram 
grass, Psamina (Ammophila) arenaria, takes the first place ; 
it has the property that, as the sand rises around it, its stalk 
grows higher and develops numerous adventitious roots at 
the joints. Other plants used for the same purpose are 
Elymus arenarius and Carex arenaria. 

The second measure, or the temporary fixation of the area 
covered with sand behind the littoral dune, consists in 
covering the area with various materials, such as the 
branches of coniferous trees, heather, broom, furze, seaweed, 
turf, etc. ; the last, when obtainable, is best. These materials 
(except the turf) are kept in their place either by fastening 
them down with pegs, or by placing shovelfuls of sand 
upon them. 

The third measure consists in ’stocking the temporarily 
fixed area with trees, shrubs, and grasses. Of trees the 
Scotch pine and the cluster pine {Pinus Pinaster) are specially 
adapted ; seed of these may be sown or transplants put in. 
•Of other plants Psamma arenaria, Elymus arenarius, Carex 
arenaria, broom {Sarothamnus scoyarms), and furze {Ulex 
nana), may be mentioned. It is essential to maintain the 
temporary cover until it is replaced by the permanent growth. 

On the west coast of Prance the second and third measures 
are done simultaneously. There, a mixture consisting of 
9 pounds of cluster pine seed, 8 pounds of broom, and 
pounds of Psamma arenaria per acre are sown, and im- 
mediately after it the ground is covered with brushwood, 
which is kept in its place by occasional shovelfuls of sand. 
The pines, the broom, and the marram grass come up 



RECLAMATION OE THE SOIL. 


]48 


together, and it is said that the young pines grow all the 
better when surrounded by the two other species. 

The cost of these operations is considerable, amounting 
sometimes to ten pounds per acre and more ; the expenditure 
will not be found excessive, if it is remembered that fertile 
lands beyond the dunes may thus be protected against being 
covered by sand. 

1), Inland Dunes. 

These are treated in a manner similar to that described in 
the case of coast dunes, with this exception, that the con- 
struction of a forward dune, 
corresponding to the littoral 
dune on a sea shore, may not 
be necessary. In many cases 
it may suffice to arrest the for- 
ward movement of the sand 
on the windward side by a 
wattle fence until the ground 
has been covered with a growth 
of trees, shrubs and grasses. The temporary fixation of the 
sand is here frequently effected by means of pieces of turf, 
which are laid in rows or squares, within which the sowing 
or planting is done (Fig. 21). 

In the case of both coast and inland dunes it is essential 
to keep all domestic animals out of the area, at any rate 
for a number of years after it has been fixed, as they disturb 
the sand. When the area has been stocked with trees, clear 
cuttings must be strictly avoided, the wood being treated 
under the selection system, else the work may have to be 
done over again.* 

6. Fixation of Unstable Soil on Slo 2 oes. 

Owing to the action of water, soil on sloping ground may 
become unstable. Water filtering downwards causes a re- 
duction in the cohesion of the different layers of the soil, 

* For further details see Volume IV. of this Maniial. 
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followed by gradual denudation, or landslips. In water 
channels the banks may be undermined. The result is a 
reduction in the productive power of the slopes, while the 
level ground below may be covered with the debris brought 
from "above ; at any rate the water channels in the low land 
silt up, and give rise to inundations. 

The detailed consideration of this subject belongs to Forest 
Protection.''^ It will suffice here to state that the best pre- 
ventive measure consists in keeping such ground permanently 
under forest growth, from which domestic animals should be 
excluded. 

If a bare area exposed to denudation is to be stocked, it 
may be necessary to fix the soil before sowing or planting is 
attempted. This is done by regulating the existing watei 
courses, terracing them, and even erecting wooden or masonry 
revetments. Where necessary, additional water channels 
must be cut to lead off all surplus water into the regular 
channels. Cattle of all kinds must be strictly excluded. 
The land itself may have to be terraced, or wattle fences may 
be erected at suitable intervals. Only after the soil has been 
rendered stable can the formation of a wood be commenced. 

Works of the above mentioned kinds have been executed on 
a large scale in the French,! Swiss and Austrian Alps, 
as well as in the Jura. 

* For further details see Volume IV. of this Manual. 

t See “ Traite pratique du Reboisement et du Gassonnemcnt des Montagues,” 
by P. Demontzey. Paris : Rothschild, 13, Rue des Saints-Peres. 
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CHAPTEE n. 

AETIPICIAL POBMATION OP WOODS. 

Section I. — ^Dibbct Sowing. 

By “ direct sowing ” is understood the formation of a wood 
by the sowing of seed directly on the area which it is proposed 
to stock. This can be done in various ways. Whatever the 
chosen method may he, its success depends on considerations 
which hold good, more or less, for all ; hence, the general 
conditions of success must be dealt with, before a description 
of the different methods of sowing can be given. 

A. Conditions of Success. 

1. Choice of Species. 

The considerations which guide the forester in the selection 
of the species to be grown have been given in chapter I. In 
this place attention must be drawn to the fact, that under the 
system of direct sowing only a moderate amount of protection 
can be given to the seed in the ground and to the young seed- 
lings which may spring up. Trees with delicate seeds and 
seedlings, or expensive seeds, are, therefore, less suited to this 
method than hardy species which thrive easily, and especially 
those with large seeds. 

2. Quality of Seed. 

It is of paramount importance to use only good seed. The 
quality of the seed depends principally on its being perfectly 
ripe and on its weight, size, age and origin. 

a. Weight and Size. 

In the case of one and the same species large heavy seeds 
are better than small light ones. The former generally 
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possess a greater germinating power, and the resulting seed- 
lings show a greater power of resistance against external 
injurious influences, and a more vigorous development, which 
in many species is due to the greater quantity of reserve 
materials deposited in the seed. This superiority at the first 
start should not be under-estimated, because it is recognisable 
long after the seedling stage has been passed. In many cases 
the dominating trees grow out of the seedlings which had 
the best start. 

The actual weight of good seed varies according to locality. 
The following figures are given as examples ; they represent 
averages for clean seeds without wings calculated from the 
best available data : — 

Number of Seeds 


Sweet chestnut .... 

per pound. 

115 

Oakj pedunculate .... 

180 

Oak, sessile 

160 

Hazel 

420 

Beech 

2,000 

Maple (sycamore) .... 

5,000 

Ash 

6,500 

Lime, broaddeaved .... 

5,000 

Lime, small-leaved .... 

. 15,000 

Hornbeam 

. 15,000 

Common elm 

. 60,000 

Alder, common . . . , . 

. 300,000 

Birch 

. 800,000 

Silver fir . 

. 10,000 

Austrian pine 

, 24,000 

Weymouth pine .... 

. 28,000 

Corsican pine ..... 

. 32,000 

Douglas fir . ' . 

. 40,000 

Spruce 

. 65,000 

Larch 

. 70,000 

Scotch pine 

. 75,000 
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A(j&, 

The germinating power of seed is greatest immediately 
after ripening ; it can be maintained for a shorter or longer 
period according to species and treatment. It follows that, the 
sooner seed is sown Efter ripening the better. This becomes 
absolutely necessary in the case of elm seed, as it only keeps 
for a very short time. The seeds of birch, alder, silver fir, 
sweet chestnut, beech and oak may be kept until the following 
spring, but on no account should seeds of these species be 
used more than six months old. In the case of lime, horn- 
beam, maples, ash, larch, spruce and Scotch pine seed up to 
two years old may be used ; if older it should be rejected. 

When seed is stored it must be kept free from moisture, 
and protected against heating by keeping it in an airy locality 
and turning it over from time to time. 

c. Source. 

The source whence seed has been obtained is of importance. 
Although trees of all ages can yield excellent seed, as a general 
rule it may be said that, the best seed is derived from trees 
which are in the prime of life, namely, healthy trees with a 
full crown, which have just completed their principal height 
growth. At the same time, soil and climate, and especially the 
latter, are of greater importance than the age of the trees. 

The question has been raised, whether it may be advan- 
tageous to obtain from time to time seed from another locality, 
as is done in agriculture. This may becoine desirable when 
the trees are affected by disease or by peculiarities which are 
transmitted through seed, as for instance twisted fibre ; apart 
from such cases, it is probably better not to change the seed. 
Trees live for a long space of time, and they accommodate 
themselves to a locality, so that home seed is likely to do best. 

d. Testing Seeds. 

The quality of seeds can be judged by their external and 
internal appearance. Good seeds fill up the outer coat, are 

n 
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of a good rich colour, possess a healthy smell, and look fresh 
in the interior when cut open. The percentage of good seed 
can, in the case of heavy seeds such as acorns, sweet chest- 
nuts and beech nuts, be judged by putting them into water, 
when those properly developed will sink, while the bad and 
inferior ones will float on the surface. 

When accurate information is required, regular germinat- 
ing tests must be applied. These consist in subjecting a 
certain number of seeds, usually 100, to conditions which 
secure quick germination, namely a steady degree of moisture, 
a temperature of 60 — 70 degrees Pahr., and free admission of 
air. Any arrangement which secures these conditions will 
do ; as instances the following may be mentioned : — 

The Pot test — Fill a shallow, porous flower pot with loose 
earth, place the seeds on the earth, cover them with some 
- moss, maintain an even temperature, and water periodically, 
or better still, place the pot inside another containing water. 
The seeds should be removed as they germinate, keeping an 
account of them day by day. 

The Flannel test — Place the seeds between two pieces of 
flannel, or filtering paper, maintain an even temperature, and 
water steadily either by a spray or by connecting the flannel 
with a dish of water. 

Of late years a considerable variety of germinating dishes 
have been invented, but it is doubtful whether any of them 
surpasses the more primitive tests described above, especially 
the flannel and filtering paper tests. 

The percentage of seeds fit to germinate differs much, not 
only according to species, but also in different samples of 
seed of the same species. Seed may be considered good if 
a carefully conducted germinating test gives the following 
percentage of germinable seeds : — 

Spruce 75 per cent. 

Austrian pine , . , \ 

Scotch pine . . . . r . 70 ,, ,, 

Corsican pine . . . i 
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Hornbeam 

Oak .... 

Ash .... 

Sweet chestnut 
False acacia . 

Maple (sycamore and Norway 
Weymouth pine 
Lime .... 
Beech .... 
Silver fir . , . 

Larch .... 

Elm (common and mountain) 
Alder, common 
Douglas fir . 

Birch .... 


65 per cent 
60 „ 

55 „ „ 

50 „ „ 

40 ,, 

35 ,, 

30 ,, ,, 

20 „ „ 


3. Quantity of Seed. 

The density of a forest crop should be sufficient, on the one 
hand, to give a proper shelter to the soil, and, on the other, 
to provide for each tree that growing space which is best 
suited for its proper development. The first object will be 
obtained by thick sowing, but in that case the development of 
the trees would soon be interfered with ; hence a mean must 
be struck ; in other words, the density of the young crop should 
be such that a fair cover overhead will be established within 
6 — 10 years after sowing. This consideration governs the 
quantity of seed to be sown per unit of area. The actual 
quantity depends on the quality of the seed, the nature of the 
soil, the mode of growth of the species, and the dangers to 
which the seed and the young seedlings are exposed. Of these 
the quality of the seed has already been dealt with. 

The Soil . — Almost any soil can nourish a full crop of seed- 
lings, so that the chemical composition of a soil becomes of 
importance only after the young crop has closed up and the 
struggle for existence commenced. Of far greater importance, 
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during germination and the early stage of life, are a proper 
degree of moisture, heat and porosity. A dry, loose, stony 
soil, and again a hard, cold soil, requires more seed than a 
fresh soil of middling porosity. 

The Mode of Qrowth . — In the case of species which are of 
quick growth during youth less seed is required, than for 
others which grow slowly at first and do not close up for some 
time. 

External Dangers . — The seeds are liable to be eaten by 
animals. Amongst these birds are most injurious. To 
protect small seeds against bu’ds they may be coated with red 
lead. Mice may be caught in traps or poisoned. The 
young seedlings are subject to injury by animals, fungi, the 
effects of climate such as frost, drought, excess of moisture, 
and they are liable to be choked by weeds. The quantity of 
seed to be sown is governed by the extent to which such 
injuries may be expected to take place in any given locality. 

Although it is, therefore, impossible to give the actual 
quantity of seed required in any particular case, the following 
figures may be taken as illustrating, under average conditions, 
the necessary quantities in the case of broadcast sowing, the 
seed being of good quality and clean : — 

Quantity of Scotl in 
Pounds per Aero. 

Oak 
Beech 

Hornbeam ] 

Ash . J 

Maple . ) 

Birch . I 

Elm 
Alder 
Silver fir 
Larch 
Spruce . 

Scotch pine 


150 

35 

30 

25 

15 

40 

14 

10 
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In the case of partial sowing the quantity of seed is 
proportionately smaller, thus for 
Sowing in strips, furrows, 

or trenches about 65 — 70 % of broadcast sowing. 

„ „ patches . . 50 „ ,* 

„ „ pits or holes . 25 — 85 „ „ „ 

4. Conditions of Gennination. 

The process of germination is as follows : — 

(1.) Swelling of the seeds. 

(2.) Chemical change of the nourishing substances 
deposited in the seed. 

(3.) Development of the embryo. 

The swelling of the seed is due to the absorption of water. 
If then a sufficient amount of heat and oxygen are available, 
the reserve materials are changed into soluble substances fit 
for the formation of new cells ; growth then sets in, which 
causes an enlargement of the embryo followed by the bursting 
of the shell of the seed and the protrusion of the rootlet. 

The conditions for the successful germination of forest 
seeds are thus : — 

(1.) A constant but moderate supply of water. 

(2.) A temperature not lower than 45°, but better from 
55—75° Fahr. 

(3.) Admission of air, whence the oxygen is derived. 

The presence or absence of light is of no importance. 
These conditions can easily be provided in the case of 
small experiments, but in operations conducted on a large 
scale they can only to a certain extent be secured by a 
. suitable condition of the germinating bed, by the manner 
of covering the seed, and by sowing at the most suitable 
time of year. 

a. Tlie Germinatimj Beil. 

A suitable condition of the germinating bed is of prime 
importance ; it is secured by working or loosening the soil, in 
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some instances by draining or irrigating, and in exceptional 
cases by manuring. 

Loosening the soil secures the following advantages : — 

(1.) It enables the roots to spread more readily, and 
to penetrate deeper into the ground, thus rendering 
the young plant more independent of variations of 
moisture in the surface soil. 

(2.) It effects a mixture of the different layers of the soil, 
thus rendering the nourishing substances more readily 
available and causing greater activity in chemical 
changes. 

(3.) It freely admits air and heat. 

(4.) It exercises a favourable effect upon the degree of 
moisture in the soil. Eain water penetrates more 
readily and to a greater depth, while subsequently, 
during dry weather, it rises again by capillary 
attraction. 

On the other hand the following drawbacks must be 
mentioned : — 

(1.1 On steep slopes loosening the soil may be followed by 
denudation, as rain water can more easily carry it 
away. 

(2.) Frost lifting may occur more frequently. 

(3.) It may attract injurious insects, such as the cock- 
chafer, the larvae of which are very destructive to 
the roots. 

The degree of loosening, and the depth to which it may 
reach; depend on the original condition of the soil. Hard 
or wet soil requires more, naturally loose soil less or no 
working. 

In some cases the actual process of loosening the soil must 
be preceded by the removal of an obstructive surface covering, 
such as woody shrubs, weeds, grass, moss, ferns, heather, 
raw humus, etc.; in other cases this is not necessary. The 
loosening itself can be done in a variety of ways ; by means 
of tools, such as the plough, harrow, rake, hoe, or spade ; by 
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allowing it to be broken up by swine ; or by a temporary 
cultivation of field crops. Whether the one or other is prefer- 
able depends on the method of sowing and the cost of the 
operation. 

Too much moisture may prevent or retard germination, 
may obstruct aeration of the soil, or render it cold and cause 
the seed to rot. These inconveniences can be prevented either 
by a better distribution of the water, or by draining. The 
latter plan should be restricted to cases where the moisture is 
really excessive, and where no injurious effect upon adjoining 
areas is likely to be produced. In forestry it is better to 
drain too little than too much ; in many cases the forester 
will do well to be satisfied with a species which will grow in 
moist or wet soil, rather than endanger the proper develop- 
ment of valuable crops growing on adjoining lands. 

Irrigation may become necessary where the soil is ex- 
cessively dry. It is an expensive operation, and the necessary 
outlay will only be recouped in special cases. 

Manuring rarely occurs, except in nurseries, because it is 
too expensive compared with the increase in the returns 
which it is likely to secure. 

Time of Solving, 

Nature sows in autumn in the case of most species growing 
in temperate Europe, in some cases in summer, and in others 
in winter or spring ; hence no absolute guide is given as to 
the best time for sowing. Of the naturally sown seed a large 
portion, while lying over winter, is eaten by animals, or 
perishes through adverse influences of the weather, so that 
only a small portion actually germinates in spring. In 
artificial sowing the seed must be carefully husbanded, hence 
it should be done at the most favourable season for germi- 
nation, namely, when the soil is sufficiently moist and when 
sufficient heat is available. The best time for sowing in 
temperate Europe is during April and May, according to the 
local climate. 
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The above rule is subject to exceptions, because some seeds 
will keep in good condition only for a very short period, or 
their preservation involves much trouble and expense. The 
seed of the elm ripens, on an average, at the end of May or 
in the early part of June, and loses its germinating power 
very rapidly ; hence it should be sown at once. Birch seed 
also should be sown as soon as it ripens, about the beginning 
of August. The seed of silver fir ripens in autumn, and, as 
it does not keep well, it should be sown at once, and not kept 
till spring. Many foresters prefer sowing heavy seeds, like 
those of oak, beech and sweet chestnut, in autumn, because 
they are bulky and it is expensive to keej) them in good 
condition over winter. At the same time these heavy seeds 
are much exposed to attacks by animals during winter, and 
as autumnal sowings germinate early in spring the seedlings 
are exposed to late frosts ; hence, sowing them in autumn may 
be of doubtful expediency. 

In some cases autumn sowings are indicated in localities 
which are not accessible until late in spring, such as high 
altitudes where snow does not disappear before June. Again, 
alder seed is frequently sown in winter, immediately after 
harvesting, as it is difficult to keep until spring. 

To sum up, it maybe said that in temperate Europe spring 
sowing should be the rule, but that certain species and certain 
local conditions demand exceptional ^treatment. 

In other parts of the world, under different climatic con- 
ditions, the best time for sowing also varies according to 
circumstances. In the Indian plains and low hills the 
general rule is to sow at the commencement of the summer 
rains, because the seeds will then be assured of a sufficient 
supply of moisture, and the seedlings will have time to 
establish themselves thoroughly in the ground, before the 
next dry season comes round. Sowings on irrigated lands 
can be made at other seasons. The seed of some Indian 
species does not keep, and indeed the seed of Sal {Shorea 
robusta) often germinates before it falls, and must therefore 
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be sown as soon as it ripens. In those regions of the 
Himalayas, where snow may lie until late in the spring, both 
autumn and spring sowings are made, there being perhaps no 
decided balance in favour of the one or the other season. 


<■. Coveriiifi the Seed. 

The objects of covering the seed are chiefly the following : — 

(1.) To protect it against sudden changes of moisture and 
temperature. 

(2.) To protect it against being eaten by animals, especially 
birds, or being carried away by wind or water. 

In natural woods large quantities of seed fall to the ground; 
some of it is carried by rain water through the vegetable 
covering down to the mineral soil, thus finding conditions 
favourable for germination. In artificial sowings the 
necessary protection is afforded by covering it with earth 
to a certain depth. 

The thickness of the covering is of considerable import- 
ance ; if too thin, the seed is exposed to attacks by animals, 
is liable to dry up or to be injured by frost; if too thick, 
germination is retarded, the seedlings have great difficulty 
in pushing through the covering, and germination may 
altogether fail for want of sufficient air. The actual thick- 
ness depends on the general condition of the seed bed and 
the species. It must be thicker in the case of loose or 
dry soil, and thinner in firm or wet soil. 

The seed of different species requires a different covering. 
On the whole, large seeds, such as acorns and chestnuts, 
require the thickest covering ; considerably less, the seeds of 
beech, maple, hornbeam, silver fir ; less again, those of alder, 
ash, Scotch pine, spruce, and larch ; least, those of elm and 
birch. 

According to experiments made by Baur* on loainy sand 


Late Professor of Forestry at the University of Munich. 
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the best results were obtained with coverings of the following 
thickness : — 


Pedunculate oak 

1‘60 inches. 

Beech 

•75 „ ■’ 

Sycamore and silver fir . 

*60 „ 

Scotch pine and spruce . 

•50 „ 

Common alder 

•40 „ 

Larch 

•35 „ 

Elm 

•12 „ 


The seed can be covered in various ways, by ploughing 
(in the ease of acorns), harrowing, raking, light hoeing, or by 
scattering fine earth over it. Some small seeds, such as that 
of Ficus elastica, need not be covered at all. 


(1. Sproutvig of the Seed: 

During germination the rootlet is first developed, and then 
the stem j as soon as the latter breaks through the surface of 
the soil, the seed is said to sprout. A few European species, 
such as oak, sweet chestnut and hazel, leave their cotyledons 
below the surface, but the majority bring them above ground. 

The interval of time between the sowing and sprouting 
depends on the species, the age of the seed, and the conditions 
of germination. 

Species . — Good seed sown in spring, under average con- 
ditions, may be expected to sprout after a lapse of time 
ranging from a week up to two and even three years. The 
following data may be taken as illustrations : — 


Poplars and willows 
Elm and birch 
Scotch pine, black pine, 

Weymouth pine, and larch 
Spruce, silver fir . 

Oak, beech, maple, and alder . 


after about 1 — 2 weeks. 
)) 9 3 2 3 , , 


J3 99 

9 9 9 9 

9 9 9 9 


8—4 

8—5 

4—6 


99 

99 

99 


Ash, lime, hornbeam, and Cembran pine generally after 
one year, yew after one and often two and even three years. 
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Age of Seed . — Fresh seed germinates always quicker than 
old, the latter sometimes not until the second year. 

_ The time of sprouting depends much on the conditions to 
which the seed is subject ; a heavy covering retards germina- 
tion ; wai’m soil and suflSicient moisture produce quicker 
sprouting than cold soil or drought. 

Seeds are sometimes specially treated with the object of ac- 
celerating the sprouting. Amongst the various methods which 
have been recommended the following may be mentioned : 
soaking in water, ranging from an hour to a week ; treatment 
with lime water or highly diluted hydrochloric acid ; steaming ; 
soaking in liquid manure. Apart from the first mentioned, 
great care is required in applying the various treatments, else 
the seeds may be injured. In the case of large seeds, like 
those of teak, collecting them in a heap and keeping them 
continuously moist may considerably accelerate germination. 
Seeds which germinate only in the second year may be 
bedded in sand in a ditch or pit, and sown in the second 
spring. 

B. Methods of Sowing. 

In the course of time a great variety of methods of sowing 
have been elaborated. It would be beyond the scope of this 
book to describe them all in detail ; moreover they can only 
be fully understood by studying them in the field. Hence, 
only the more important methods will here be mentioned. 
Sowings may be divided into : — 

(1.) Broadcast sowing. 

(2.) Partial sowing. 

1. Broadcast Smoing. 

If the seed be distributed evenly over the whole area to be 
stocked, the method is called broadcast sowing. 

a. Pr^araUon of the Soil. 

In some cases broadcast sowings are made without previous 
or subsequent cultivation, but they are liable to lead to dis- 
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appointment unless executed under specially favourable cir- 
cumstances. The soil must be naturally free and capable 
of retaining moisture near the surface; the seed must 
germinate readily and be sown in large quantities ; the 
locality must be free from climatic extremes, and the surface 
of the ground not very steep, or the seed may be washed 
away; the seedlings must be hardy. Such a combination 
of conditions is only exceptionally met with. 

As a general rule the soil requires some cultivation before 
the seed is sown. This can sometimes be at once under- 
taken; in other cases it must be preceded by the removal 
of an objectionable covering. 

Removal of Surface Covering . — This may consist of shrubs, 
weeds, reeds, or excessive layers of moss and leaf mould. It 
may be removed, according to circumstances, with billhooks, 
knives, scythes, rakes, hoes, or by hand. The refuse may be 
used for litter or other purposes, or it may be burned when 
dry, the ashes being scattered over the area. If the covering 
is sufficiently dry, the area may be burned over without 
previously collecting the material, care being taken that the 
fire does not spread into adjoining woods. 

In the case of a short weed growth, or a moderate layer 
of moss or raw humus, it need not be previously removed, 
but may be dealt with simultaneously with the loosening of 
the soil. 

Cultivation, or Loosening the Soil . — This can be done in a 
variety of ways, according to the required depth of cultivation. 
The tools used are principally the following : — 

For superficial loosening or so-) The rake, harrow, or a 
called wounding of the soil .J light hoe. 

For moderately deep cultivation . The hoe. 

For deep cultivation . . . The plough, or spade. 

Superficial loosening or loounding the soil is indicated on 
localities which are already of a fairly loose consistency, and 
covered with a moderate amount of turf, moss, or leaves. 
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Hoe cibltivation is in its place when the soil is somewhat 
heavier, uneven, stony, or where the roots of a previous crop 
of trees are still in the ground. 

The use of the ^plough is restricted to fairly level areas, com- 
paratively free from stones, stumps, or big roots. Attempts 
have been made to introduce ploughs of specially strong 
structure for the cultivation of stony soils or for breaking up 
soil containing roots, but their application is so limited that 
they need not here be further considered. • 

Spades are the best of all instruments for cultivation, but 
work performed with them is too expensive for ordinary forest 
operations ; hence their use is generally restricted to nur- 
series, for trenching areas with an impermeable substratum, 
or for- planting. 

In the case of light and middling soils the loosening 
may be done immediately before the sowing of the seed. 
Heavy soils, or those containing considerable quantities of 
raw humus, heather, broken up impermeable layers, woody 
weeds, etc., should be worked in autumn and remain un- 
sown over winter, so as to be subjected for some time to the 
action of air, rain and frost. Such soils may require a 
second more superficial working in spring before the seed 
is sown. 

Many and various are the forms of the several tools which 
have from time to time been recommended for use in the 
preparation of the soil. Of these a considerable number are 
of doubtful utility. As a general rule the ordinary labourer 
gets through more and better work by using the tools with 
which he is acquainted, than by substituting even an improved 
form of tool, the use of which he has first to learn. Moreover 
he will take greater care of his own tools than of those provided 
for him. 

Under these circumstances the introduction of novel tools 
can only be recommended when their use really secures a 
considerable saving of labour. 

Some of the better forms of the principal tools here in 
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question are represented on page 161. The following few 
remarks will explain their use : — 

Fig. 22 represents a scythe with a short strong blade, used 
for cutting heather, broom, etc. 

,, 23, a hoe used for the removal of ordinary weeds, 
grass, etc. 

„ 24, a three-pronged hoe, used for wounding the soil. 

,, 25, a narrow light hoe, used for superficial hoeing in 
light soils. 

,, 26, a broad hoe, used for clod hoeing. 

,, 27, a light hoe with a hatchet on the reverse (or a 

miniature mattock), used for hoeing in soil which 
contains roots from a former crop. 

,, 28, a two-pronged hoe, used for light hoeing or wound- 
ing the soil. 

,, 29, a simple pick, used in working stony or gravelly 
soil. 

„ 30, a strong hoe, used on soils with roots, or on stony 

ground. 

,, 31, a pickaxe, being a combination of figs. 29 and 30. 

,, 32, an Irish spade. 

„ 33, a Scotch planting spade. 

,, 34, a light planting spade. 

„ 35, a four-pronged digging fork. 

5. Sowing. 

Seed may be sown by hand or by machines. The latter 
can only be used on fairly level ground, with a loose soil free 
from stones and roots ; they frequently cover the seed at the 
same time. In the majority of cases the sowing will have to 
be done by hand. The essential point is to distribute the 
seed as evenly as possible; hence it is desirable to divide 
large areas into smaller sections, and to allot a proportionate 
quantity of seed to each. The sowing of small seeds is done 
as in the case of ordinary grain sowing. A good plan, in the 
case of level or moderately sloping ground, is to sow cross- 
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wise ; that is to say, to divide the seed into two parts, to sow 
one half in one direction, and the other half at right angles 
over it. This plan can, however, not be adopted on steep 
ground. Light seed should not be sown during windy 
weather, else it will be unevenly distributed. 

Where seeds of two species are to be sown, they should 
be thoroughly mixed before sowing ; if they differ in size or 
weight, it is best to sow them separately, or one cross-wise 
over the other. 

Heavy seed may be placed in plough furrows, or singly 
brought into the ground. 

(\ Covering the SeeiL 

The method of covering the seed depends on the mode 
of working the soil and the size of the seed. In the case of 
shallow working and light seeds, the harrow and rake are 
the most useful tools to use; in some cases it may suffice 
to drive a flock of sheep over the area, which will press the 
seed into the soil by trampling on it. Where heavy seeds 
are to be covered on level ground, the operation may be done 
by ploughing, or with the rake or hoe. 

tL General Remarlcs. 

Broadcast sowing is generally expensive, owing to the cul- 
tivation of the soil and because it requires a large quantity 
of seed; hence it should be restricted to localities which 
require little or no cultivation, or where a raw soil and a 
strong growth of shrubs and weeds necessitate under any 
circumstances a thorough cultivation, before success can be 
expected. In some cases the operation may be combined with 
the raising of one or more field crops, thus recouping the 
cost of cultivation. 


2. Partial Solving. 

With a view to reducing the cost of cultivation and the 
quantity of seed, the sowing may be restricted to a portion of 
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the area to be stocked. The method may become necessary 
in the case of localities which contain rocks, stumps of trees, 
or which are too wet for full working and sowing. In either 
case it is desirable that the portions to be sown should be 
distributed as evenly as possible over the whole area ; they 
can be arranged in a variety of ways, of which the following 
may be mentioned : — 

a. Sowing in strips and furrows. 

h, ,, ,, patches. 

c. ,, ,, holes. 

dj, ,, ,, trenches, or pits. 

e. ,, on ridges, or mounds. 

/. Combinations of two or more methods. 


a. Soioinfi in 8fri^}s and Fmroivs. 

The seed bed generally consists of uninterrupted strips, 
which alternate with unsown strips or bands (Fig-„ 36). 
Where rocks or other obstacles are met with, the strips will 


h 

h 

h 

h 

h 

h 

h 

1 







1 






y 


a a a a a a 
Fig. 36, 

a, a. Sown strips* hfh. XTnsown areas. 


be interrupted ; the same may occur on sloping or uneven 
ground. The strips should, as far as practicable, run parallel 
to each other. On sloping ground they should run in a 

m„2 
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horizontal direction and be level, or nearly so, to prevent 
denudation. On very steep slopes the seed beds should form 
terraces. 

The width of the sown strips depends principally on the 
degree to which the unsown strips are likely to be overrun by 
weeds, brambles, etc., and on the rate of height growth of the 
species during early youth ; the greater the former and the 
slower the latter, the broader should be the sown strips. 
Generally the width would range between 18 inches and 
3 feet. 

The distance between the strips depends on similar con- 
siderations. In addition, the desired density of the wood 
has to be considered. The distance would ordinarily range 
between 3 and 6 feet. , 

The cultivation of the soil is generally done with the hoe 
or plough ; the sowing is best done by hand, a method which 
various machines have not yet succeeded in superseding- 
The seed should be covered up with rakes or harrows, and 
in the case of heavy seeds sometimes with the plough. 

Apart from a reduction of expenditure, strip sowing has 
other advantages over broadcast sowing; the soil can, with- 
out incurring an excessive expenditure, be more carefully 
prepared and the seedlings more effectually protected. 

When each strip consists of one or perhaps two furrows, 
drawn with a plough, the method is called soiring in farrows ; 
it is specially employed in the case of heavy seeds, which are 
sown in the furrow and covered, either by drawing a second 
furrow or with the rake or hoe. It admits of a further 
reduction of expenditure as compared with regular strips. 

b. Solving in Patches. 

The seed beds consist of round, oblong, square or rectan- 
gular patches of limited extent, scattered as evenly as prac- 
ticable over the area. The extent of the patches varies 
according to circumstances ; they may be of any size, but are 
mostly from 1 to 3 feet square, .or they assume the shape of 
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interrupted strips, which are from 1 to 2 feet broad and 
perhaps from 3 to 10 feet long. The distance between the 
patches depends on the same considerations as in the case 
of strip sowing. 

The method is cheaper than the regular strip sowing; it 
enables the forester, 
on uneven or rocky 
soil, to select the most 
suitable spots for the 
seed beds, a matter of 
greater moment than 
a mathematically even 
distribution of the 
patches. 

The working of the 
soil is best done with the 
hoe ; on stony soil hoes 
with narrow and very 
strong blades are used, 
or even the pick may 
be required. The seed 
is covered with the 
rake or by hand, or by 
scattering earth over it. 

The method is well 
adapted for rocky soils, 
and localities which 
still contain the stumps 
and roots of a former 
crop of trees- It is 
less to be recommended 
for wet soil, as the water is likely to collect on the seedbeds ; 
this would, on the other hand, be an advantage in localities 
with a scanty rainfall. Where a strong growth of tall weeds 
is apprehended, the patches must be of sufficient size to 
prevent the plants from being overgrown. 



Eig. 37. 

or, a. Sown patches. 
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r. Sotmnii in HqUfi, or DiiMinii. 

Sowing in holes means sowing in patches of such limited 
extent that only a few seeds are sown in each. The soil may 
be worked with an ordinary hoe of small size, with a spade or 
with specially constructed modifications of the latter, such as 
the spiral spade (Fig. 38). On stony soil the pick may be 
used. The spiral spade is forced into the ground and then 
turned round, so that a seed hole filled with loose soil is 
produced. The seed is either pressed 
into the soil to the required depth, 
or placed on the surface and covered 
by hand with a sufficient quantity of 
fine earth, which is gently pressed 
down. 

If the seed bed is still smaller and 
consists simply of a narrow hole sufficient 
to take one or two seeds, which are 
sown without any preparation of the 
soil, the method is called “dihMin^.” 
The minute holes are made with a peg, 
dibbling mallet, dibbling spade, or any 
other suitable tool. The instrument is 
inserted into the ground to the required 
depth, withdrawn, the seed placed in 
the opening thus produced, and the latter closed again 
either by one or more blows with the instrument, or by 
pressure with the foot. In some cases the operation may 
be done without any instrument at all, by removing a 
small quantity of the surface soil with the foot, inserting 
the seed, replacing the previously removed earth, and pressing 
it down. 

The method is only admissible on soils which are not 
subject to a heavy growth of weeds, which would probably 
smother the young seedlings; moderately sized stones or 
gravel do not interfere with the adoption of the method. 



Fig. 38. 
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(h Sowing in Tre'tiches^ or Pits. 

In the methods so far described the seed bed is situated 
on the same level as the surrounding ground. In the case of 
trench and pit sowing it is placed below the ordinary surface 
of the ground, at the bottom of a trench or pit, in which 
water may collect. The general arrangement of the trenches 
or pits is the same as in the case of strips or patches 
respectively. Trenches must be level, to prevent their be- 
coming water channels. For the same reason they should 
be interrupted here and there. 

The width of the trenches will, as a rule, not exceed two 
feet at the bottom; the depth depends on the requisite 



a. Soil taken out of the trench. Trench filled with water. 

c. Seed-hed. 


amount of water. The distance between the ditches or pits 
depends on the same considerations as in strip and patch 
sowings. 

The trenches may be made with the spade, hoe or pick, 
or partly wuth the plough and the rest with those tools. The 
surface soil is kept apart and placed at the bottom of the 
trench to serve as a seed bed, or better still, it is at once 
placed into the previously made trench. 

The seed is sown by hand and covered either by hand or 
with a rake. Where the trenches can be filled artificially 
with water, or irrigated, the seed is frequently sown on the 
upper edge of the ditch (Fig. 39), so that it receives sufi&cient 
moisture by percolation, without being destroyed by an excess 
of water. Where irrigation water is not available, and the 
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rainfall variable, seed may be sown both at the bottom of 
the ditch and along one of the upper edges. In the case of a 
scanty rainfall the former will succeed, and in case of a wet 
year, the latter. 

The method is indicated in dry hot localities, and where 
irrigation is practicable. As it is expensive, it should be 
adopted only in cases where a cheaper method is not likely to 
yield satisfactory results. The pit method is cheaper than 
trench sowing, but it frequently yields less favourable results, 
and is not applicable where irrigation is contemplated. 

6. Soloing on Ridges and Mounds, 

This method is the reverse of the one described under rf. 
It is advisable in the case of wet or heavy soil, the object 
being to raise the seed bed above the water level, and to expose 
the soil to a more complete action of the air. Mounds are 
interrupted ridges, just as patches are interrupted strips. The 
ridges or mounds are formed, either by drawing together the 
surface soil, or better by excavations. In the case of ridges 
the ditches run along either one or both sides ; in the case of 
mounds the earth may be taken from an excavation on one 
side, or from a trench surrounding the mound. 

Where a moderate elevation suffices, parallel ditches may 
be dug, and the excavated earth spread evenly ’over the inter- 
mediate spaces, thus forming elevated platforms on which 
the seed is sown. See Fig. 19 on page 137. 

The seed should be sown densely and not too early in 
spring, so as to allow a portion of the moisture to evaporate 
before sowing. The tools used are the same as for trench or 
pit sowings. 

The method is expensive and only indicated in exceptionally 
unfavourable localities. 

/. Coinbinations, 

It happens not unfrequently, that two or more of the 
different methods are combined in the saipe locality. Such 
combinations are indicated when the character of the locality 
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changes from place to place ; if, for instance, dry spots alter- 
nate with swampy ground, the former may be sowm on the 
natural level or in ditches, while the latter necessitates sowing 
on ridges. Where free soil alternates with stony or rocky 
parts, the former may be sown in strips, and the latter in 
patches or holes, etc. 


Section II. — Planting. 

By the term jjlantinc/ is understood in sylviculture the 
method of forming a wood by means of plants which have 
been raised elsewhere. The success of the operation depends, 
as in direct sowing, on many matters, which hold good, more 
or less, for the different ways in which the actual planting is 
carried out. The business of raising the plants is in itself one 
of great importance. Planting with slips, layers, etc., again, is 
so different in many ways from the planting of seedlings, that 
it will be considered separately. Hence, the subject now 
under consideration may be divided into the following four 
sub-sections : — 

A. Conditions of success. 

B. Eaising plants. 

C. Methods of planting. 

D. Planting of slips, layers, and suckers. 

A. Conditions of Success. 

This subject may be dealt with under the following 
headings : — 

1. Choice of species. 

2. Different kinds of plants, 

3. Quality of plants. 

4. Age and size of plants. 

5. Season for planting. 

6. Density of planting. 

7. Distribution of plants over the area. 

8. Number of plants per unit of area. 
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9. Lifting plants. 

10. Pruning. 

11. Protection in transit. 

12. Preparation of the soil. 


1. Choice of Species, 

Eeference is invited to what has been said in chapter I., 
section I. of Part II. In addition it remains to be men- 
tioned, that planting is admissible in the case of all species, 
and that it is specially adapted for those which are tender 
during early youth, and which cannot receive sufficient atten- 
tion and protection in direct sowings on a large scale ; also to 
species the seed of which is expensive, or exposed to dangers 
from animals. 


2. Different Kinds of Plants, 

The plants used in sylviculture are of many kinds, according 
to external form, origin, age, etc. No general classification is 
possible, since the various groups overlap each other. For 
practical purposes the following divisions will prove useful : — 

A distinction must, in the first place, be made between 
plants which have sprung directly from seed, and those which 
formed part of an already existing individual ; hence the 
division into: — 

(1.) Seedling plants. 

(2.) Suckers, layers, or cuttings. 

All woody plants can be successfully raised from seed, but 
oialy certain species from suckers, layers, or cuttings. 

Rooted plants are distinguished from plants ivithont ovots. 
Seedlings, suckers, root cuttings, and layers when they have 
become independent individuals, are rooted; cuttings taken 
from the stem or branches are without roots at starting, but 
they may become rooted by placing them in a nursery before 
putting them out into the forest. 

Complete or incomplete plants ; the former have their roots, 
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stem and branches entire, while in the case of the latter i^arts 
of the plants may have been pruned away. 

Seedlings or transplants . — The former are plants which are 
transferred direct from the seed bed to the forest ; the latter 
those which were previously pricked out, once or several 
times, in the nursery. 

Plants with halls, or lumps of earth in which the roots are 
embedded, or plants without balls. 

Plants may be classified, according to si^e, as small, middle 
sized, and large plants, but the limits of each class differ 
according to the kind of plant, as well as to locality and 
custom. 

3. Qiialitif, of Plants. 

The success of planting operations is governed by the 
quality of the plants which are used, just as the success of 
direct sowings depends on the quality of the seed. Hence, 
only healthy, vigorous plants should be used, which are 
likely to bear well the interruption of growth involved in 
the transfer from one locality to another, under circumstances 
admitting only of a limited amount of attention being paid to 
each plant. 

The vigour, or growing power, of a plant is indicated by a 
normal shape and a healthy appearance. The development 
of each part must be in due proportion to the rest ; the plant 
should be neither tall nor thin, nor too short and stout ; nor 
should the stem be crooked, especially in the case of coni- 
ferous plants ; the root system should be ample, with a fully 
developed system of rootlets ; the crown should have a healthy 
green appearance, and possess numerous well developed buds. 

These are the general characteristics of good healthy plants. 
At the same time they are subject to some modifications as 
regards species, age, and the locality which it is proposed to 
plant up. More especially some caution is necessary in trans- 
ferring plants from a rich to a poor soil ; from a cool northern 
aspect to a hot southern one ; from a low to a high situation ; 
from a sheltered to an open spot, etc. ; in other words, what 
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is a good plant for one locality, may be only an indifferent 
one for a locality of a different character. 

A further modification may be introduced owing to the 
cost of raising the plants and of planting them out. Plants 
with naturally extensive root systems either cost much to 
plant out, or the roots must be crowded together in an un- 
natural position ; from this point of view a compact root 
system may be considered as an essential point in a good 
plant, though it may not be altogether in proportion to the 
stem and crown. 


4. Age and Size of Plants. 

Plants aged from a few weeks up to ten and more years 
may be planted out: in fact the age is only limited by the 
size and weight of the trees, and the mechanical appliances 
available for the transfer. In sylviculture only young plants 
under ten years of age need be considered. It may be said, 
as a general rule, that young plants are best, because the 
operation of planting is cheaper, the plants survive more 
easily the interruption of growth involved in the change, 
and they adapt themselves more readily to new conditions. 
The best age for planting out depends on the species and 
locality. Quick growing species can be planted out earlier 
than slow growing ones. Some tropical species grow so 
quickly that the most suitable age for transplanting may 
be only a few weeks. In the temperate climate of Europe 
yearlings, with the exception of Scotch pine and oak, are 
only exceptionally planted out, as they are still too soft and 
have incomplete root systems. In the great majority of 
cases plants from two to four years old are used, while older 
plants are indicated only in the case of a few species, or 
where trees of some height are required, as in pastures, in 
frost localities, for filling up blanks in already foi*med plan- 
tations, to become the overwood in coppice with standards, 
to enable one species to hold its own against another of 
quicker growth, for avenues, etc. 
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5. Season for Planting. 

The planting out is, after all, a violent operation, and is 
generally accompanied by more or less injury to the root 
system, with a temporary interruption of the growth. These 
disadvantages can, by special care, be reduced to a minimum, 
so that they affect the further development of the plant only 
to a limited extent. As long as the root system is completely 
embedded in a ball of earth, transplanting can be done at any 
time of the year, provided the soil is in a fit condition (neither 
frozen, nor too wet or dry). Again, plants, the roots of which 
are not embedded in a ball of earth, can similarly be trans- 
planted with success, provided the operation is performed 
with care ; but as this involves extra expense, it is dijfi&cult to 
ensure success in the case of large operations ; hence, for 
sylvicultural planting, the most favourable season should 
always be chosen. 

The most favourable season differs according to the character 
of the locality. In temperate Europe summer should be 
avoided, because at that time the plant is in full assimilating 
activity and most sensitive to a change of conditions, espcially 
to drought. There remains then the period from autumn to 
spring. Planting may be done at any time throughout that 
period, provided the weather be sufficiently favourable ; at the 
same time mid-winter is generally the least favourable part of 
this period, as frost may be expected, so that practically the 
choice lies between autumn and spring. Each of these two 
seasons has its advantages and drawbacks, and the question, 
whether the- one or other is more favourable, has been 
much debated. 

In the case of autumn planting any rootlets, which have 
been injured during the operation, may have been replaced by 
the ensuing spring, and the loosened earth settles down again 
during winter. On the other hand, the plants are likely to 
suffer from severe frost in their new home, or they may be 
lifted by alternate frost and thaw, or loosened by the action of 
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wind. Autumn planting is preferable in the case of localities 
which are not accessible until late in spring, or of species 
which start early in spring. 

Spring planting has the advantages that the period of severe 
frost is i)ast, and that vegetation begins shortly after planting. 
On the whole it is preferable to autumn planting in the 
case of most conifers, provided the work can be completed 
before vegetation begins. In many cases, especially when the 
operations are conducted on a large scale, both spring and 
autumn planting have to be done. 

Over the greater part of India the most favourable season 
of the year is the commencement of the summer rains ; the 
plants receive sufficient moisture, and they have the whole 
growing season before them to settle down in their new home 
and to get strong before the next dry season comes round. 
Land which can be irrigated may be planted at any season, 
provided the soil is not frozen. 


6. Density of Plmiting. 

/The general principles which govern the density of direct 
sowing apply also here ; that is to say, the cover overhead 
should be established within a period of from 5 to 10 years. 
As plants come on more regularly than seedlings grown on 
the spot, a smaller number per acre suffices, than that 
required in the case of sowing. For the rest the planting 
distance depends on: — 

(a.) The locality, in so far as it influences the percentage 
of failures and the vigour of the plants, . 

(b.) The species, especially its- degree of hardiness and 
rate of height growth in early youth. Quick growing 
species can be planted farther apart than slow growing 
species. Oak and Scotch pine must be planted dense, 
on account of their tendency to branch. 

(c.) The age and size of the plants ; young and small plants 
must be planted closer than old and large ones. 
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(d.) The objects of the planting, whether timber or fire- 
wood is to be produced ; whether pieces of large 
diameter or long boles are the objects of manage- 
ment ; whether the wood is to serve as a protection 
against landslips, erosion, avalanches, hot or cold 
winds, etc. 

(e.) The state of the market ; where small produce is 
saleable at remunerative rates, dense planting is 
indicated ; under the opposite conditions wider planting 
is more profitable. 


7. Distribution of Plants over the Area, 

The distribution of the plants over the area to be stocked 
can be either irregular or regular. The former is done by 
eye measure, that is to say, after the average distance between 
the plants has been fixed, the planting spots are selected by 
eye. This system requires practice. 

Kegular distribution is done according to geometrical 
figures, the more usual of which are the following : — 

(1.) The equilateral triangle, where the planting spots are 
at the three corners of the trinagle (Fig. 40). 

(2.) The square, four plants being placed at the four 
corners of the square (Fig. 41). 

(3.) Equidistant lines or rows, in which case the plants 
stand at shorter intervals in the lines than the distance 
between the lines ; the plants may be said to occupy 
the corners of rectangles (Fig. 42). 

(4.) The quincunx form, a modification of the square form, 
as will be seen on reference to Fig. 43. 

A regular distribution of the plants has the following 
advantages over an irregular one: — 

(i.) An equal growing space is allotted to each plant. 

(ii.) The plants are subsequently easier to find and 
protected against being overgrown ; failures are easier 
ascertained. 



Fig. 42. 


Fig. 43. 


(iii.) The area between the plants can he more fully utilieeil ; 
grass cutting can he allowed at an earlier stage ; field 
crops may be gi-own between the lines ; cattle grazing, 
where unavoidable, causes less damage, especially if 
the plants are arranged in lines. 

(iv.) In mixed woods the several species can be more 
evenly mixed. 
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(v.) Early thinnings are considerably facilitated. 

(vi.) The woods can be more easily protected against 
damage, especially by injurious insects, or fire. 

(vii.) It is claimed that regular plantings are cheaper to 
execute, because the work of distributing and putting 
■ in the plants proceeds in a more systematic manner. 
Whether this advantage is realised or not, depends on 
the skill of the labourers and the supervision exercised 
over the opei’ations. 

Against these advantages it must be mentioned that air 
currents have more easy access to regular plantations, may 
sweep away the fallen leaves or heap them together, and dry 
up the soil more rapidly. This disadvantage can be met by 
planting shelter belts of trees with branches down to the 
ground against the prevailing wind, or, to some extent, by 
arranging the planting lines at right angles to the wind 
direction. It is also claimed, that irregular planting is 
preferable from an aesthetic point of view. 

A completely regular distribution is not practicable where 
the nature of the soil changes rapidly ; for instance, where 
wet swampy spots alternate with dry parts, or where rocks are 
scattered over the area ; nor is it necessary on small blanks 
scattered over already existing woods. 

The comparative merits of the three principal forms of 
regular distribution have been much discussed. The triangular 
form allots to each plant the most regular growing space, 
since every plant is equi-distant from its neighbours ; this 
favours an even development of the trees. It admits of a 
greater number of plants per acre, and produces the greatest 
quantity of material ; the saplings also clear themselves more 
readily of their lower branches. On the other hand, it is 
more troublesome to lay out and more expensive than the 
two other forms. 

Line planting has the disadvantage that the cover overhead 
is somewhat later established, that the saplings develop 
stronger branches on two sides than in the direction of the 

S. N 
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lines, which may be accompanied by an eccentric shape of the 
stem. On the other hand, it admits of the most complete 
utilisation of the ground between the lines, and facilitates 
thinnings and the removal of the material ; the plants are 
also easier to find. 

On the whole, these advantages and disadvantages are not 
of much importance, because after the early thinnings the 
three forms stand practically on the same footing. Many 
foresters prefer line planting to the two other forms, because 
it is easiest to carry out, and perhaps the cheapest. Others 
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prefer the square form, while the triangular form is perhaps 
less frequently chosen. 

The marking of the planting spots is done wdth two lines 
(or chains), the so-called directing line and the ^planting line. 
The latter is divided according to the planting distance, each 
division point being marked in a suitable way, either by a knot, 
or by drawing a coloured tape through it. On the directing 
line the distance between successive rows is marked in a 
similar manner. In the case of square planting the marking 
is the same on both lines, but different in triangle and line 
planting. In the latter each division of the directing line is 



Fig. 44. 
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equal to the distance between the rows : in triangle planting 
equal to the jilanting distance multiplied by '866. 

The lines are of a suitable length, with a pin (or peg) at 
each end ; they should be made of hemp and well tarred, to 
protect them against moisture. On wet soil a thin chain is 
preferable to a line, as the latter is liable, to alter its length. 

When a large area is to be planted, it is desirable to sub- 
divide it, in the first place, into squares or rectangles, the, sides 
of which correspond with the lengths of the planting and 
directing lines (Fig. 44) . After the corners of the squares or 
rectangles have been fixed, each plot is treated separately; 
the directing line is stretched along two opposite sides of it 
(say a d and h c), and the directing spots marked either by the 
insertion of small pegs or by small holes, or two directing 
lines may be used and left on opposite sides, until the square, 
or rectangle, has been planted; then the planting line is first 
stretched along a I, and successively parallel to it until d c 
is reached, planting being done as indicated by the marks 
on the iilanting line. 

It remains to note that in the case of triangle planting the 
planting line must be doubly divided, as the plants in every 
two adjoining rows are shifted by half the planting distance ; 
or the planting line must be drawn back by half the planting 
distance in every alternate row. 

The following semi-regular system of planting is much 
followed in Great Britain : — The planters are arranged in 
line at stated intervals along one edge of the area (Fig. 45, 
a h). Each puts in a plant where he stands. The most 
reliable planter is placed on one flank at u, and he now 
advances a space equal to the fixed planting distance in the 
direction of a previously erected mark (flag), puts in a second 
plant, advances again the planting distance, puts in a third 
plant, and so on, until he reaches the opposite edge of the 
area. As soon as the flanking man has advanced twice 
the planting distance, the next planter advances one 
planting distance, keeping at the original distance from the 
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column wheels round and works back again, the flanking man 
taking his direction from the last row of plants. 

The method is exceedingly simple, and yields a degree of 
regularity sufficient for most purposes, provided the men are 
well trained for the work. 


8. Number of Plants. 


In the case of irregular planting the number of plants 
required per acre can be roughly ascertained by dividing with 
the square of the average planting distance, given in feet, into 
43660 the number of square feet in an acre- 
Por regular plantations the following calculations apply : — 


Line plajiting : — 

Length of area = L 

Breadth ,, = B 

Distance between the rows . . . = d < 

„ ,, plants in the rows . = d'; 


then the number of rows = t + 

d 

B 

and the number of plants in each row = -=7 + 1, 

a' 

hence the total number of plants : — 




LxB , L , B 
dxd'^ d'^ d' 


+ 1 . 


Square planting . — Here d = d' and 


L X B , L + B 


Triangle planting . — Here the distance between the rows is 
represented by the height of the equilateral triangle, which 
is equal to d x sin 60° = cJ x ’866 ; hence number of 


rows = 


d X '866 


+ 1 , 


and number of plants in each row, 


B B B 

either alternately = y + 1 and ~ ; or always ^ according as 

Cb ti d 


B . 


to whether ^ is a whole number, or \ more. 
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In the one case 

*'■- 3(1 + 00 - 

N = 


X ’BBS 
L X B 




__ +B, 

cP X -866 d 2cl X -866 


d X *866 

+ h 


^ + 1 


In the other case 


N' = — — --- + l'^ 

d U X *866 J 

L X B 


N' = 


+ 1 . 

d2 X -866 d 


The first term in this and the two previous formulas 
represents the hulk of the plants. By neglecting the com- 
paratively small number represented by the other terms, the 
following short approximately correct methods of calculation 
are obtained for each acre of plantation : — 


Square planting — 
N = 


48560 


Square of planting distance. 


Triangle planting — 
N = 


48560 


Square of side of triangle 


X 1-155. 


Line planting- 
N = 


48560 


Distance between lines x distance in lines. 

Accordingly, the following numbers of plants are required 
per acre in the case of square planting 

Calculated by the Calculated by the 
Accurate Approximate 

Formula. Formula. 

Distance 2 feet x 2 feet = 10,994 10,890 

,, 3 feet X 3 feet = 4,887 4,840 

„ 4 feet X 4 feet = 2,749 2,722 

,, 5 feet X 5 feet = 1,760 1,742 

,, 6 feet X 6 feet = 1,228 1,210 
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9. Lifting Plants, 

Plants must be lifted in the nursery with the least 
possible damage, especially to the root system, and least of 
all to the fine rootlets through which the nourishing sub- 
stances are assimilated. These fine rootlets are generally 
imbedded in small lumps of 
earth, which should not be 
shaken off. In the case of 
yearlings the rootlets are found 
on the taproot or its branches ; 
on older plants they are princi- 
pally found on the side roots. 

The least interference with 
the roots occurs, if the plants 
are lifted with a ball of earth, 
in which the root system is 
imbedded ; this method is spe- 
cially recommended for very 
young or tender plants. In the 
case of older plants lifting with 
balls and transport become very 
expensive, so that, whenever 
admissible, they are lifted with- 
out balls of -earth. 

a. Lifiimj Plant with Balls of 

Earth. 40 ^ 

The operation is performed 

with a variety of instruments, such as the circular spade, 
the hoe, the conic spade and the ordinary spade, according 
to the size of the desired ball. 

Young plants, up to a foot in height, may be lifted with the 
circular spade (Fig. 46), provided the species does not develop 
a long taproot at an early age. This instrument, which was 
invented by Carl Heyer about 70 years ago, consists of an iron 
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inverted truncated cone, which has in front an opening 
sufficient to admit two fingers, and behind, just above its 
upper edge, a small horizontal plate up to which the spade 
should be inserted. One of the edges of the front opening is 
sharp, the other blunt. The diameter at the lower end 
ranges from 2 to 5 inches, according to the desired size of 
the ball; the diameter at the upper end is from ^ to 4 
larger, thus producing the shape of an inverted truncated cone 
with a circular cross section. The handle and the cross bar 
or crutch at the top are best made of wood and not of iron, 
because the tool is lighter and the ^crutch not so cold. The 
crutch is firmly attached to the handle by means of three iron 
bands, as seen in the illustration ; these are firmly fastened to 
the spade. The best length of the crutch is about 20 inches, 
and its thickness such as just to fill the hand of the labourer. 
The length of the handle depends on the height of the 
labourer, but it should not be so long as to prevent the man 
from using the weight of his body in driving the spade into 
the ground. 

In using the spade the stem of the plant which is to be 
lifte.d is passed through the front opening until it occupies the 
centre of the spade ; then the latter is pressed down vertically 
until the plate at the back touches the surface of the soil; it is 
then turned round by means of the crutch from 180 to 360 
degrees, and lifted with ball and plant out of the ground; 
holding it then with the left hand, the ball and plant are 
pushed out towards the handle with the middle finger of the 
right hand, which glides along the blunt edge of the front 
opening; if necessary, especially when using a larger sized 
spade, two fingers are used. 

The circular spade is used of various dimensions, with a 
minimum diameter of 2 inches at the small end. Spades of 
more than 5 inches diameter cannot be recommended, as the 
balls are either not severed at the bottom or, even if severed, 
do not come out with the spade, but remain in situ. Even 
small spades demand a fairly binding soil, or else they will 
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not work satisfactorily. The height of the spade is about 
equal to the diameter. The ball is cylindrical, the object of 
the conical shape of the spade being to facilitate its removal. 
The instrument works expeditiously and cheaply; extensive 
areas have been planted with it. The seedlings are obtained 
by broad-cast sowing. The instrument is also very useful in 
lifting plants and planting them into blanks on areas which 



Fig. 47. Fig. 48. Fig. 49. 


had been previously sown, and where the plants have come 
up irregularly. 

The hoe is also used for lifting young plants with balls ; it 
is inserted from one side so as to get underneath the plant, 
which is then lifted up. The operation requires skill, and 
even then the method is of doubtful utility, as the balls are 
likely to fall to pieces. The ordinary planting spade (Fig. 33 , 
p. 161) and the Irish spade (Fig. 32, p. 161) are used for the 
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lifting of larger plants. The operation necessitates four 
insertions, and it produces an inverted pyramidal ball. The 
semi-cimdar spade (Fig. 47) is also used for lifting larger 
plants ; it necessitates only two or three insertions. The 
semi-conical spade (Pig. 48), invented by Edward Heyer, is so 
constructed that it requires only one insertion, after which it 
is turned round its axis, thus separating a ball of earth of an 
inverted conical shape. The instrument can be recommended. 

On stony soil a heavy, specially strong spade (Fig. 49) is 
sometimes used. 

Lifting Plants tvithoui Balls of Earth, 

This is best done with the two, three or four-pronged fork 
(Fig. 35, p. 161), which is inserted from one side and bent 
down backward, so that the plant is gently lifted up and 
gradually separated from the soil. 

Another method is to insert two spades or forks from 
opposite sides, in a slanting direction, so that they? meet, or 
nearly so, underneath the plant ; both spades are then bent 
back and the plant lifted. 

Sometimes hoes, ordinary or pronged, are used, but they 
are inferior to spades or forks for lifting plants. , 

Pulling up plants injures the roots and should be avoided. 

10. Prtming Plants. 

As a general rule plants should not be pruned unless it is 
absolutely necessary. Every cut produces a wound, exposing 
the plant to disease, which may ultimately render it unfit for 
the purpose for which it has been grown. Eesearch has 
shown that the unhealthy condition of timber trees may be 
due to spores of fungi entering their tissue through wounds 
received at a very early age. 

Where woods are grown for fuel, or treated under a short 
rotation, the above consideration is of comparatively small • 
importance; in the case of timber plantations, however, 
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which require long periods of time to mature, the forester will 
do well to pause before he proceeds to prune his plants. 
Healthy plants of moderate size can be produced at such a 
low cost, that it is far preferable to throw away badly-shaped 
plants than to prune them and risk the introduction of 
disease. In the case, therefore, of small and moderate-sized 
plants pruning should be avoided. Such plants should be so 
grown that a compact root system may be produced which 
does not require pruning. 

Where large plants are used, pruning- may be necessary; its 
execution depends on a variety of circumstances, of which the 
following may be mentioned : — 

a. Shape and Condition of Planis. 

In the case of plants of a normal shape, especially if the 
root system and crown are in proper proportion, pruning is 
not necessary. In the reverse case, either the root system or 
the crown and even the stem may be reduced in extent ; of 
two leaders one may be removed, abnormally strong side 
branches shortened, inconveniently long tap or side roots 
reduced. The pruning of one part may necessitate the 
pruning of the other, so as to establish a due proportion 
between them; if, for instance, the root system has been 
pruned but not the" crown, j)ortions of the latter may not 
receive sufficient nourishment and dry up. Originally normal 
plants frequently require pruning, because the root system has 
been injured in lifting them. 

h. S;peeies. 

There is a great difference in the treatment of plants of 
different species ; some stand pruning better than others, both 
as regards the replacement of the pruned parts and the extent 
to which they are exposed to disease. 

On the whole, conifers stand pruning badly. Larch is 
perhaps an exception, also deodar and- Pimts longifolia, though 
they cannot be pruned to the same extent as broad-leaved 
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species. The latter recover much quicker, especially species 
with a strong reproductive power after injury, such as willow, 
poplar, oak, hornbeam, elm, alder. Beech and birch, on the 
other hand, alre less vigorous in this respect. Teak stands 
much pruning of the crown, but less of the root system. 

c. Locality^ 

Under favourable conditions of soil and climate pruning is 
less injurious than in the reverse case. On fertile fresh soil 
a comparatively small root system sufl&ces to fulfil the necessary 
work of assimilation, and fresh organs are formed in a short 
time ; on dry poor soil pruning of the roots must be much 
more restricted. 


d. Manner of Pruning. 

In all cases a clean cut should be made ; it should be some- 
what slanting and not at right angles to the branch or root. 
Where a whole branch is taken off, the cut should be flush 
with the stem to insure quick healing by occlusion ; if it is 
only shortened, the cut should be made just above a strong 
bud. 

The operation may be performed with a pruning knife, 
pruning scissors, shears, or a light hatchet ; in the latter case 
the plant should be placed on a firm support during the 
operation, so as to injure the remaining wood and bark as 
little as possible. 


11. Protection of Plants in Transit. 

During transit plants must be protected against drying up 
and frost, and this refers more particularly to the root system; 
a few minutes of exposure often sufi&ces to kill the finer roots. 
The method of protection depends on the kind of plants, the 
time during which the plants are in transit, the species, and 
the climate to which they are exposed ; the drier the latter, 
the more carefully must the plants be protected. 
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Ball plants possess already a good protection in the lump 
of earth in which the roots are imbedded. For transport 
occupying not more than one day the balls should be packed 
close together to prevent their drying up and the earth from 
being shaken off. Only in rare cases are such plants carried 
over long distances, the cost being too great. 

Plants without a ball of earth should be at once protected. 
This is best done by dipping the roots immediately after lifting 
into soft mud, which forms a thin layer over them ; the plants 
should then be tied together in bundles of convenient size. 
For transport over short distances, which occupies not more 
than one day, the bundles should be placed in baskets, wheel- 
barrows, carts or waggons, according to circumstances, the 
roots being surrounded by, or imbedded in, moss, grass, or 
earth. If the weather is dry and the sun shining, some cover 
may also be provided, to prevent the drying up of the foliage. 
The moss or grass used to cover them should be moistened, 
and this process may be repeated from time to time during 
transit. 

If the transport extends over several days, further precau- 
tions are necessary. The small bundles are, in that case, 
bound together into large packages, by arranging the plants 
so that the roots are all on one end, well wrapped in wet moss, 
grass, &e., and then secured by withes. The whole package 
is covered with matting. In the case of small or middle-sized 
plants two layers are packed together with the roots in the 
centre and the crowns outwards on both sides. Plants packed 
in this manner keep fresh for a week, provided they are so 
packed that no heating takes place. 

On arrival at their destination the plants should be at once 
unpacked, and either planted out, or heeled in (bedded in 
earth) until they can be planted. The imbedding is best done 
by arranging the small bundles in trenches and covering the 
roots and part of the stem with moist soil. If necessary, 
shelter against the sun or dry winds may also be provided, 
and the plants may be watered. 
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12. Preparation of the Soil. 

Only in very rare cases does the soil require complete 
working before planting, and in such cases it is done by one 
of the methods indicated for direct sowing. As a general rule 
planting requires only working at the spots where the plants 
are inserted into the ground, or none at all. In sylvicultural 
operations conducted on a large scale the worked area of a 
planting spot ranges upwards from a few square inches, and 
rarely exceeds 2 or 3 square feet. The actual method of 
working the soil depends on the methods of planting ; hence 
it will be described when dealing with the latter. 

B. Kaising Plants. 

Plants can be procured either by purchase or home produc- 
tion ; in the latter case they can be taken from existing woods, 
or raised in temporary or permanent nurseries. Although in 
the majority of cases plants are i)urchased or produced in 
home nurseries, the third method may in certain cases be 
admissible, hence the subject will be divided as follows : — 

(1.) Purchase of plants. 

(2.) Plants taken from existing woods. 

(3.) Eaising plants in nurseries. 

1. Purchase of Plants. 

In former times the necessary plants were, as a general rule, 
grown at home, and this is still the case in many countries. 
In Great Britain, and latterly also on the Continent, a highly 
developed industry of raising plants for sale has been estab- 
lished, and in the former country by far the majority of plants 
are now-a-days purchased from nurserymen. This system is 
very convenient, since the planting operations are not inter- 
fered with by want of , the necessary planting material. Eail- 
way communication, also, is now so extended and rapid that 
most important species of forest plants can be sent to any 
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part of the country without serious risk to their health and 
vigour. The art of raising strong hardy plants has been so 
fully developed by nurserymen, that almost any description 
of plants is procurable at short notice. 

Under these circumstances the purchase of plants is quite 
justified in Great Britain and in a few other countries, provided 
the forester takes care that he receives only good healthy 
plants of the description indicated on page 171. He must, 
more especially, see that he receives plants with a properly 
developed root system — that is to say, one which is full and 
compact, but at the same time of a natural shape. It has of 
late years become the practice to lay down the seedlings, when 
they are pricked out, into shallow trenches, involving the 
bending over of the root system to one side ; the result is a 
bushy root system altogether lop-sided. If such plants are 
put out into the forest, they take years to recover a normal, 
healthy shape of the root system, and until this takes place 
they have only a limited hold on the ground, and are liable 
to be blown over by strong winds. This drawback is often 
maintained up to middle age, if not longer. Unless 
nurserymen give up that vicious practice, they must be 
prepared to see landed proprietors revert to the system of 
home nurseries. 

In selecting plants care should be taken that they are suited 
to the locality where they are to be planted. Por fertile locali- 
ties at low elevations well grown tall plants are desirable ; for 
poor soil, especially at high elevations, short sturdy plants are 
preferable. It is generally considered best, if no great diffe- 
rences exist between the soil and climate of the nursery and 
of the locality where the plants are to be put out. 


2. Plants taken from existing Woods. 

Where operations are conducted on a small scale, and 
nursery plants are not available, the planting material may 
be obtained from existing young woods, such as natural 
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regenerations or sowings. In such cases the plants are 
taken from the parts which are too thickly stocked, and 
consequently they are generally indifferently developed ; they 
are frequently slow in coming on after transplanting, and 
rarely yield good results. 

3. Raising Plants in Nurseries. 

Wherq plantings are conducted regularly on a large scale, 
plants may be raised in home nurseries; and even if the plants 
are purchased from nurserymen, it is desirable to have an 
auxiliary nursery at home ; hence it is necessary to describe 
he're, in outline, the establishment and management of 
nurseries. 

Nurseries may be temporary or permanent ; the former are 
used for a few years only, generally to yield the material for 
the planting of a particular locality, when they are abandoned 
and a new nursery laid out elsewhere ; permanent nurseries 
are used for a long series of years. Each has its advantages 
and disadvantages. • In the case of temporary or shifting 
nurseries the cost of transport and the risk of damaging the 
plants during transit are smaller ; on the other hand the cost 
of laying out is greater, as it recurs every two or three years, 
and they do not, as a rule, yield equally good plants. Tem- 
porary nurseries can be established in localities of the same 
description as those where the planting has to be done ; hence 
they may be desirable where distinct zones of vegetation occur, 
especially in mountainous districts, also where the plants are 
to be put out with balls. 

Permanent nurseries require to be manured from time to 
time, but they yield better plants ; they are preferable in the 
majority of cases, especially in more level districts, where 
large numbers of plants are required year after year, and 
where the transport is fairly easy and cheap. There is 
practically no difference in the treatment of temporary and 
permanent nurseries, except that in the latter case all 
arrangements are of a more lasting nature. 
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a. Choice, of Site. 

The site should be favourable for the growth of the 
particular kinds of plants which are required. If only one 
species or a few of similar requirements are wanted, a site 
can be chosen which agrees with their special requirements as 
regards soil and situation. In the majority of cases, however, 
plants of differing requirements are to be raised, and it is there- 
fore best to choose a site of average conditions. 

The most suitable soil is a light or sandy loam. Heavy 
clay should be avoided, as it is less suitable than even a light 
sandy soil. G-ood depth is essential, as it insures a more even 
degree of moisture. 

As regards situation, the site should, if possible, be in the 
centre of the area where the planting has to be done ; but if 
no suitable locality is there available, it is better to go to a 
moderate distance in search of it. The site should be accessible 
and easy of control. A gentle slope is best, or an elevated 
level plain ; in either case it should not be exposed to danger 
from frost, especially late spring frost, fairly sheltered, but 
open to the free circulation of air. The aspect depends on 
circumstances, especially latitude and elevation. In temperate 
Europe the least favourable aspects are probably an eastern or 
south-eastern (on account of late frosts) and a southern or 
south-western (on account of the rapid evaporation of 
moisture) . 

The site should, if possible, be so chosen, that water can be 
led on to it from a spring or stream, or that at any rate 
water may be found at a reasonable depth for the construction 
of a well. 

5. Area. 

This depends on the species, the method of treatment, the 
number of plants, whether they are pricked out or not, and 
the age at which they are finally removed. It is clear that no 
general rule can be given. By way of illustration it may be 
mentioned that for raising two-year-old seedlings of Scotch 
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pine or spruce, the area of the nursery should be about per 
cent, of the area to be annually planted at 4 feet apart ; if the 
two-year-old seedlings are pricked out, and remain for another 
two years, the nursery should comprise at least 4 per cent of 
the area to be planted annually. 

Where broad leaved species are raised, such as oak or beech, 
the percentage is higher. It increases very rapidly with the 
age of the plants ; for instance in the case of twice pricked out 
oaks, which are planted out at the age of 9 years at 10 feet 
apart, the area would amount to not less than 30 per cent, of 
the area to be planted annually. 

e. Shape. 

Whenever a free choice is possible, the shape of the nursery 
should be that of a square or rectangle, because it admits of a 
regular rectangular shape being given to the seed beds without 
waste of area. 

d. Fencing. 

The nursery must be thoroughly protected against cattle 
and game by fencing it substantially. The nature of the fence 
depends on circumstances (see page 128) ; it may consist of a 
stone wall, wooden or wire fence, living hedge, etc. ; stone 
walls are liable to interfere with the free circulation of the air, 
while living hedges take some years to grow. Of late years 
wire fences, if necessary combined with rabbit netting, have 
grown in public favour. 

e. Draining. 

This will, as a rule, not be necessary, as soil which requires 
draining should not be chosen for a nursery. Where no other 
site is available, the draining may be so arranged that the 
water is collected in a well at the lowest point of the nursery, 
to be used for watering during dry weather. 


As a general rule watering will be required; hence the 
importance of choosing a site situated in the vicinity of a 
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spring, stream, or tank, from which the water can be easily 
brought into the nursery. In the absence of such a supply 
one or more wells must be sunk, and the water lifted. 

The water can be distributed by hand, or by irrigation. 
The latter can be done in two ways, by percolation or by 
flooding, according as to whether the water stands in channels 
between the beds, or is allowed to cover the surface of the beds. 
Flooding is more effective, but it is followed by the formation 
of a hard crust on the surface, which requires to be broken; 
in the majority of cases percolation is preferable. 

g, Pre^parciMon of the Soil, 

It is highly desirable that the soil of the nursery should be 
free from stones and roots, and as finely divided as possible, 
in other words it should be prepared in the same way as 
garden soil. The depth to which the soil should be worked 
depends on the species and nature of the desired plants. 
Where a compact shallow root system is wanted, it is best 
not to work too deep, but to see that the surface soil is fertile ; 
if deep rooted plants are desired, the soil must be worked to a 
considerable depth. If one or two kinds of plants are to be 
raised, their special wants can be considered in the first culti- 
vation of the soil ; as a rule, however, more species, and those 
of varying requirements, are wanted, which it is convenient to 
raise in any part of the nursery. Under these circumstances 
it is generally preferable to prepare the whole nursery for the 
production of any kind of plants. In a country with a 
climate like that of Britain, the best plan is to trench the 
nursery to a depth of not less than 2 feet. During this 
operation all stones and roots should be removed, the land 
levelled as far as practicable, or terraced on sloping ground, 
and the best earth kept near the surface. The most suitable 
time for trenching is autumn, so that the ground may lie 
fallow over winter and be exposed to the effects of frosts 
and of the winter rains. In the following spring the soil 
should again be worked, either with plough, spade, or 

o 2 
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hoG, and harrowed so as to divide it finely. The nursery 
operations can then be commenced, or the ground, after 
manuring, be used during one season for the cultivation of a 
field crop, such as turnips, mangold-wurzel, or potatoes, so 
that the additional cultivation may produce a further division 
of the soil. After the removal of the crop, the ground is 
ploughed and left fallow over a second winter, when it should 
be quite ready to serve as a nursery. 

h. Manuring. 

On good soil plants can be raised for a number of years 
without manuring, but sooner or later this becomes necessary. 
Although the demands on the soil of a growing crop of trees 
are comparatively small, yet, through the uninterrupted 
growing and removal of seedlings, considerable quantities of 
various substances are taken out of it, which must be 
replaced. At the same time our knowledge as to the kinds 
and quantity of materials which must be supplied to the soil 
is as yet deficient. 

Manuring, or amelioration generally, has for its object to 
improve not only the chemical composition, but also the 
physical qualities of the soil. If, at the outset, the soil should 
not be of the proper consistency, it must be improved by the 
admixture of sand to a stiff soil, and by that of loam to an 
excessively loose and light soil. At the same time, and at 
any rate after a few years, the soil can be specially manured 
by bringing into it stable manure, guano, bone dust, nitrates, 
phosphates, potash, lime, or magnesia. All such manures 
are however expensive, and, with a view to recovering a part 
of the outlay, the soil may be used for one year for the pro- 
duction of a field crop immediately after being manured. 
This measure is further useful, because it gives the soil a 
change of crop, while it receives at the sam.e time a thorough 
working. Scotch nurserymen, as a rule, act as follows : they 
treat their nursery ground under a rotation of three or four 
years, say three, for forest plants, then they manure, take off 
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one field crop, and again use the soil during two or three 
years for nursery purposes. 

The manure can be supplied by growing a leguminous 
crop, such as lupine or lucerne, and ploughing it in instead 
of removing it. 

In many nurseries considerable quantities of mild manures 
are used, such as leaf mould, compost, burnt turf, and also 
charcoal refuse. The leaf mould is taken from the forest, or 
specially prepared from dead leaves, needles, forest plants, 
etc., which are heaped together and allowed to decompose, 
generally with the addition of a certain amount of quicklime. 

Compost is a mixture of humus and soil. It is generally 
made into heaps, some quicklime added, and then allowed 



to season, the heaps b eing turned over from time to time ; it. 
should not be used for a year or two. To prevent the com- 
post being washed out by rain water, it is sometimes stored 
in pits instead of heaps. 

Burnt turf is produced by cutting sods of turf, best from 
loamy soil, in spring, allowing them to* dry, the grassy side 
downwards, and then burning them in heaps either alone, or 
better intermixed with brush wood or fagots (Pig. 60). In 
constructing such a heap, some brushwood is placed in the 
centre {a) and covered with perhaps four layers of sods (5), 
then comes a second layer of wood (c), followed by three or 
four more layers of sods (d) . A narrow channel {m) is kept 
open from the wood in the centre to the circumference, by 
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which the former is ignited. The effect of burnt turf is not of 
long duration ; manuring with it has generally to be repeated 
every year ; it acts, however, very favourably upon the 
physical condition of the soil, somewhat in the same way 
as humus. 

i. Laying out the Nursery. 

The area of the nursery is divided into compartments of 
convenient size, generally of the shape of a square or 
rectangle. The number of compartments depends on the 
number of species to be grown and the age of the plants 
when put out into the forest. Assuming the latter to be 
three years, there should be four compartments in each set, 
to allow each compartment to lie fallow, or be used for the 
cultivation of a field crop- every fourth year. 

The compartments should be separated by roads, which 
cross each other at right angles. Their breadth depends on 
circumstances; in most cases it is desirable to make the 
main roads sufficiently broad to admit, carts or waggons. The 
roads are excavated to a depth of 6 to 12 inches, the soil 
being spread over the adjoining land and then filled in with 
a layer of macadam or coarse gravel, covered by a thinner 
layer of fine gravel or sand, in such a manner that the 
surface slopes gently from the centre towards the sides. A 
useful measure is to line the roads by an edging of a suitable 
plant (privet, box, etc.), which helps to keep them tidy. 

In the case of heavy seeds, such as acorns, chestnuts, etc., 
the whole compartment is sometimes sown broadcast, or in 
lines at such distances that a man can walk between them, 
and then no further division is required. In the majority of 
cases, however, the compartments destined for sowing are 
divided into parallel beds intersected by paths. These beds 
should not be more than 4 feet broad, so that a man can 
easily reach from the j)ath to the centre of the bed without 
treading on it. The paths are of just sufficient breadth to 
allow a man to walk along them. Where the seed beds are 
to be irrigated by overflow, the paths should be on a higher 
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level than the beds, so as to act as embankments to keep the 
water on the beds. 


j. Sowing tJie Seed Beds, 

The surface of the seed beds having been reduced to a fine 
degree of division, the seed is sown, either broadcast or in 
lines or drills ; the latter is frequently preferred, as it 
facilitates weeding. Broadcast sowing is done, as described 
on page 160, by scattering the seed evenly over the whole 
seed bed. 

Line sowing may be done by pressing the seed individually 
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Pig. 51. Pig. 52, 

into the ground, or by opening out shallow drills at suitable 
intervals, and placing the seed into these ; the drills can run 
longitudinally over the seed bed, or crossways, the latter 
facilitating weeding. The depth of the seed drills depends on 
the species, and ranges from about J of an inch to 2 inches. 
Similarly, the distance between the seed drills depends on the 
slower or faster development of the seedlings and the time 
they are to remain in the seed beds ; it varies from 6 inches 
to upwards of a foot. The seed drills can be made by hand, 
with a peg, or narrow-pointed trowel-shaped hoe (Fig. 51), or 
by pressing wedge- or square-shaped battens into the ground 
(Fig. 52). In fact, quite a variety of instruments have been 
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invented for the purpose. Fig. 52, a, h, c, shows three 
differently shaped drills. The covering of the seed is done by 
hand, or with the rake, or by scattering fine earth, compost, 
turf ashes, etc., over it to the required depth. In any case it 
is desirable to press the covering down, best by passing a 
light roller over the bed. 

Sowing should only be done during suitable weather, that 
is to say when the soil is of the desired degree of dryness. 
The actual method of sowing depends on the species. By 
way of illustration some of the methods followed in Britain 
are here added : — 

Heavy seeds, such as acorns , sweet chestnuts ^ walnuts, horse- 
chestnuts, etc., are generally sown in lines which are from 9 to 
12 inches apart. The seeds are either sown in drills about 2 
inches deep* and covered by earth drawn over them with a rake ; 
or they are placed on the surface and then covered with earth ' 
taken from the space between the rows. In the latter casef 
the seed rows form slightly elevated ridges. Seeds of the 
above-mentioned kinds may either be sown in autumn soon 
after being gathered, or they may be kept over winter in airy 
places, where they are occasionally turned and perhaps also 
mixed with some sand. 

Beechnuts are treated similarly, but the covering should not 
exceed | of an inch ; they are sown more frequently in spring 
than in autumn. 

Maple seed is sown, soon after gathering, in lines as before, 
mostly on the surface and covered with soil to a depth not 
exceeding f of an inch. 

Elm seed is sown immediately after it has become ripe, at 
the end of May or beginning of June, generally in lines about 
a foot apart ; its covering should consist of fine earth placed 
over it of a thickness not exceeding J of an inch. 

Alder seeds are generally sown broadcast in early spring, 
and covered with J to ^ of an inch of fine moulA. 

Birch should be sown as soon as it ripens (beginning of 
August), and covered with about \ of an inch of fine mould. 
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The seeds of ash, hornbeam, and thorn are mixed with sand 
and kept from 15 to 18 months in a pit, where they are 
occasionally moistened and turned. They are sown in early 
spring of the second year, together with the sand in which 
they rested ; they receive a covering not exceeding f of an 
inch. 

The seeds of larch, spruce, Scotch pine, and various other 
conifers are sown broadcast or in drills in spring on carefully 
prepared beds. They are sown on the surface and then 
covered with fine earth; frequently the process consists in 
scraping a sufficient quantity of soil from the surface of the 
bed to both edges, then sowing the seed and raking back the 
earth from the sides towards the centre of the bed. After 
thoroughly smoothing the surface, a light roller is passed 
over the bed. 


Jc, Quality and Quantity of Seed. 


Considering the heavy expenditure involved in laying out 
nurseries, none but seed of the best quality should be used. 

The quantity of seed to be sown on a given area depends on 
the species and the time during which the seedlings are to 
remain in the seed bed. Too dense sowing causes the 
seedlings to grow up lanky, while too thin sowing involves 
loss of area and consequently increases the cost. If the 
seedlings are to go direct from the seed bed into the forest, 
the quantity of seed should be about one-half of that sowm 
when the seedlings are to be pricked out in the nursery. 

As to the actual quantity ‘of seed to be sown, views differ so 
considerably, that it is not possible to give average data. In 
a nursery at Inverness,* the following quantities of good clean 
seed are sown per 100 square feet of seed bed : — 


Scotch pine . 
Spruce . 
Austrian pine . 
Larch . 


•6 pound. 


6 , 

8 , 

1*0 , 


* Messrs. Howden & Co.*s Nursery. 
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Biermans, a well known G-erman sylviculturist, sows about 
four times the above quantity of seed. Messrs. Howden & Co. 
consider it a good full crop if one pound of good Scotch pine 
seed produces 15,000 seedlings. Biermans expects only 7,000. 

Gayer gives the following average quantities of seed to be 
sown in drills per 100 square feet of seed bed : — 


Oak and sweet chestnut 

= 

*05 bushel (at 8 gallons). 

Beech .... 


•13 „ 

Ash and maple . 

= 

‘3 pound. 

Elm . . . . 


•23 „ 

Hornbeam . 

= 

■18 „ 

Alder .... 


•36 „ 

Birch .... 

= 

•41 „ 

Silver fir . - . 

= 

•82 „ 

Scotch pine . 

= 

•17 „ 

Spruce 

z= 

•23 „ 

Larch . . . . 

= 

•46 „ 

Austrian pine 

=: 

•26 „ 

Broadcast sowing takes from twice to four times the quantity 

seed required for drill 

sowing; hence Gayer’s data for 

>nifers agree fairly well 

with 

those given by Messrs. 


Howden & Co. 


1. Priching out 

In some cases the seedlings are taken direct from the seed 
bed to the forest; in others they are transplanted once or 
several times in the nursery before they are finally put out. 
British foresters call the former seedling plants,” and the 
latter ‘‘transplants.” 

Seedling plants which are to go direct to the forest must be 
grown roomy in the seed beds, so that they may develop 
properly ; plants which are to be pricked out in the nursery 
may stand closer together in the seed beds. 

Pricked-out plants are generally placed in rows, called 
“nursery lines.” The soil devoted to them must be carefully 



BAISING PLANTS IN NURSERIES. 


203 


prepared, though not perhaps quite to the same extent as that 
of seed beds. 

The area required for nursery lines depends on the species, 
the age of the seedlings when pricked out, and the time they 
are to remain in the nursery; on an average it may be 
estimated at 8 to 10 times the area of the seed beds, provided 
the plants are one year old when pricked out, and four years 
old when put out into the forest. 

Seedlings should be pricked out while young. In the tropics 
the proper age is sometimes only a few weeks ; in temperate 
Europe generally one or two years, according to the nature of 
the species and the locality. 

When the object is to produce large and strong plants, or a 
full and bushy root system, they may be pricked out a second 
or even a third time, after an interval each time of one, two 
or more years. 

Plants may be pricked out at any time, provided it is done 
carefully, rapidly, and when the soil is fairly moist. In 
temperate Europe the best time for extensive operations is 
early spring. Moist weather is desirable during the operation, 
else the plants may have to be watered. The lifting and 
protection of the plants during transit have been dealt with 
above (pages 183 and 188). 

The distance between the nursery lines and between the 
plants in the lines depends on the size of the plants, their 
more or less rapid development, and the time which they are 
to remain in the lines. Ordinary two-year-old seedlings of 
Scotch pine and spruce, which are to remain for two years in 
the lines, may be placed from 3 to 6 inches apart in the lines, 
with a distance of 8 to 12 inches between the lines. Larch 
plants must be placed somewhat further apart, while for oak 
the distances are still greater. 

Brown, in “ The Forester,” recommends the following 
distances : — 

One- or two-year-old seedlings of oak, ash, elm, and beech, 
4 inches apart in the lines, the latter being 24 inches apart. 
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One-year-old larch seedlings . = 16 x 2^ inches. 
Two-year-old larch seedlings. = 18 x 3 ,, 

One- or two-year-old Scotch 
pine seedlings . . . = 14 x 2 ,, 

Messrs. Howden & Co., Inverness, generally line out the 
larch one year old and Scotch pine two years old. They place 
them 3 inches apart in the lines, with 9 inches between every 
two lines. 

The pricking out can be done in a variety of ways according 
to the description of plants. The more usual methods are, 
either to make a separate hole for each plant with a planting 
peg, a small hoe, or a garden trowel, or to open trenches, 




Fig. 53. 


into which the plants are placed at the proper distance 
apart. In either case the roots should be placed into a 
natural position, and the soil well pressed around them, 
British nurserymen, in raising plants for sylvicultural 
purposes, proceed in the following manner : — 

The soil, after having been brought into a suitable condition, 
is thoroughly smoothed along the whole length of the com’^art- 
ment, then a planting line is placed on it, parallel to one side 
of the compartment ; then the ground is cut away with a spade 
along the line, so that a shallow trench is formed with one 
side almost vertical (Fig. 53, a). Against this side the 
plants are placed at the proper distance apart, some earth 
pressed around' them, then the trench completely filled up, 
the earth pressed down once more with the foot, and the whole 
smoothed over (Fig. 53, b). Then the planting line is moved 
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on to the following row and the operation repeated. The 
method works very expeditiously, and it is an excellent one in 
principle. It has, however, become the practice to make the 
trenches so shallow, that the root system of the plants, instead 
of assuming a natural position in the ground, is altogether 
bent to one side. The result is that the plants develop a lop- 
sided root system. It may be easier to put out such plants, 
besides saving expense, but the system is certainly not favour- 
able to the development and stability of the trees grown from 
them. The author has observed, that in many cases trees 30 
to 40 years old had not yet established a normal root system, 
and that nnmerous trees are blown down for this very reason. 
To produce really good plants, the vertical side of the trench 



Eig. 64. 


should not be less than 10 inches deep, so that the roots go 
down straight to that distance (see Pig. 54) . The additional 
expenditure is not more than about one shilling per 1,000 
plants. 

m. Choice hetwee^i Seedling PlcmU and TransjAanis. 

Bach of these two kinds of plants has certain advantages 
and drawbacks, and it depends on the circumstances of each 
particular case whether the one or other is preferable. 

Seedling plants are considerably cheaper than transplants, 
as the latter require a larger area, as well as labour in pricking 
out and tending. On the other hand transplants are much 
superior, as they have more room to develop ; especially the 
root system becomes fuller, more bushy and compact. 
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For planting in favourable localities seedling plants may 
do as well as transplants; in unfavourable localities the 
latter are preferable; also when specially large plants are 
required. 

The choice also depends on the species. In the case of 
Scotch pine and oak seedling plants give good results ; in that 
of most other species transplants are to be preferred. 

A plan sometimes followed consists in classifying the seedling 
plants when, say, two years old. The best plants are put out 
directly into the forest, the second class plants are pricked out 
in the nursery, and the third class, comprising the weak and 
misshapen plants, are thrown away. 


n- Tending Seed Beds and Ntirserg Lines, 

The seeds, as well as the young plants, require a certain 
amount of tending, more especially protection against injurious 
influences. The details of such tending and protecting are 
given under the head of Forest Protection. In this place only 
the more important measures directly connected with nursery 
work will be indicated. 

(1.) The seeds must be protected against birds. These may 
be kept off by shooting or frightening. If this is impracticable, 
small seeds may receive a coating of red lead, or the beds may 
be protected by placing on them thorny brushwood, branches 
of coniferous trees, grass, etc., or nets may be spread over 
them, resting on supports, so as to keep them at a suitable 
distance from the ground. The latter have the disadvantage 
that they must be lifted when weeding has to be done. Wire 
netting, bent in a semicircle over the seed beds, is most suit- 
able ; it needs little support and lasts many years. 

Mice, moles and mole crickets often do much damage ; they 
must be caught or poisoned. Mice may be caught in pots 
buried in the j)athways and half filled with water ; these 
animals are in the habit of running heedlessly along the paths, 
when they fell into the pots. 
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Earthworms do damage by dragging small seedlings into 
their burrows. 

Hares, rabbits, etc., must be kept out by fencing with wire 
netting. Squirrels must be shot. 

Amongst insects, the cockchafer larvae and the wireworms 
are the most destructive in temperate Europe. In both cases 
damage is difficult to prevent. Cockchafers are specially fond 
of laying eggs in clearings in the forest, such as a nursery ; 
and if this be repeated once or twice, it may be necessary to 
change the site of the nursery. Almost the only way to meet 
the damage in the case of grubs of the cockchafer and the 
wireworm is to collect them, or to kill them with gas lime. 

(2.) Extremes of climate make themselves felt by frost or 
drought. 

In the first place a considerable fall of temperature inter- 
feres with the proper germination of the seeds, and it may 
injure young seedlings. Such damage is prevented by cover- 
ing the seed beds with moss, grass, straw, needles, or short 
branches of conifers, or by erecting a temporary roof at a con- 
venient height over the seed beds. Very delicate seedlings 
may be raised under glass. The covering should be removed 
during the day and replaced in the evening. Somewhat later 
on, alternate freezing and thawing may lift the young plants 
out of the ground ; this can be prevented by Covering the space 
between the lines with moss or sawdust, or by heaping earth 
on to the plants. If, nevertheless, it should occur, the plants 
must be speedily put back into the ground. 

Damage by drought is prevented somewhat in the same 
way as that by frost, best by shades, which are placed over- 
head, or on, the sunny side of the beds. If the dry weather 
should last for some time, the beds may have to be watered. 
This, if once commenced, must be continued until rain falls. 
As watering is expensive, unless it can be done by irrigation 
with water obtained from a higher point, it is only done when 
absolutely necessary. Many British nurserymen never water ; 
they prefer taking their chance- In more southern countries 
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watering frequently becomes a necessity. There, also, protec- 
tion against hot winds is frequently given by shades placed on 
the side whence the wind blows. 

(3.) Weeding should be done frequently and thoroughly. 
It can be done by hand, or with knives, weeding forks 
(Fig. 55), light two- or three-pronged hoes, the Dutch hoe 
(Fig. 56), etc.^ 

The weeding is generally accompanied by some loosening of 
the surface soil ; but apart from weeding, periodical working of 
the soil between the nursery lines is highly beneficial. 

(4.) If the seedlings come up too thick in the seed-beds. 



Fig. 55. Fig*. 56. 


they may be thinned out. In doing this, care must be taken 
not to disturb the plants which are to remain ; hence the best 
plan is to cut off the weakest plants close to the ground with 
scissors. 


C. — Methods of Planting. 

The most important point in planting is to reduce the 
interruption of growth to a minimum, so that the plants may 
quickly establish themselves in their new home. How this 
object can be realised depends on the description of the plants, 
their size, and the conditions of soil and climate. To meet the 

* Figs. 55 and 56 have .been taken from Brades Co.’s Illustrated Catalogue. 
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different cases, various methods of planting have been elabo- 
rated, of which only the most important will be indicated. 

Whatever the methods may be, the following rules for 
planting are of general application : — 

(1.) The plant should be placed in the ground to the same 
depth as that at which it stood in the nursery (allowing 
for a possible settlement of the soil) . 

(2.) The root system should receive a natural position and 
not be huddled together, or bent to one side. 

These two rules can be set aside only under specially 
favourable conditions. 

The actual level at which the plants are placed, depends on 
the climate and the nature of the soil. In the majority of 
cases the plants are placed flush with the ordinary surface of 
the ground ; under a dry and hot climate they are sometimes 
placed in pits or trenches previously dug and arranged at a 
level below the ordinary surface; in wet or swampy soil 
plants are frequently placed on mounds or ridges. In either 
of these cases the methods of planting remain the same, 
except in so far as the more limited space may necessitate 
slight modifications. The preparation of the trenches and 
ridges has been described above under Direct Sowing 
(pages 167 and 168). There is, however, a method of mound 
planting on ordinary soil, which will be described separately. 

In planting an opening is made in the ground, into which 
the plant is inserted. The size and shape of the opening 
depend on the nature of the plant and the tool used in 
making the opening. Accordingly the following methods 
may be distinguished: — 

(1.) Planting with balls of earth. 

(2.) Planting without balls of earth. 

a. With hoe or spade. 
h. With peg or staff. 
c. Notching. 

(3.) Mound planting. 

s. 


p 
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1. Planting zvith Balls of Earth, 

Preparation of the Planting Hole. — This depends on the 
size of the ball. Small and middle sized plants lifted by the 
circular or semi-conical spade respectively (page 183), are 
placed into holes made with the same instruments; such 
holes are wider than the breadth of the balls by the thickness 
of the iron, so that the plants can be easily inserted. 

For plants with large balls the pits must be considerably 

larger than the balls; they 
are made with the hoe or 
ordinary spade. 

Putting in the Plant. — The 
top of the ball should be on 
a level with the surface of 
the soil, except in dry locali- 
ties, when it may be some- 
what lower, so as to collect 
an extra supply of water near 
the plant. The interval be- 
tween the ball and the walls 
of the pit must be carefully 
filled up, either with earth, 
compost, turf ashes, or by 
pressing the soil down until 
the interval completely disappears. On dry soil it is desir- 
able to place two pieces of turf over the ball and the adjoining 
soil, so as to reduce evaporation and shrinking. 

Value of Method. — This depends in the first place on the 
extent to which the root system is contained in the ball. If, 
during the act of lifting the ball, considerable quantities of the 
finer roots have been severed (Fig. 57), the results may be 
disappointing. Hence young ball plants do better, compara- 
tively speaking, than older and larger plants. 

Secondly, a thorough touch between the ball and the walls 
of the pit is essential to success ; it follows that ball plantings 
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are better adapted to loose than to stiff soils ; the latter as 
well as the ball shrink during dry weather, so that frequently 
the ball becomes completely separated and the plant dries up. 

On the whole, however, the method is one of the safest, and 
is specially recommended for loose soils, frost localities, and 
where damage by cockchafers is apprehended ; in fact for 
unfavourable localities generally. It is less suited for stony 
or stiff soils. 

The expense of planting is not high with small ball plants, 
but increases rapidly with the size of the balls. In India 
plants are sometimes planted, in the nursery, into bamboo 
baskets, which are then planted out in the forest. 

2. Planting zvithout Balls of Earth, 
a. Planting luith Hoe or Sgade. 

Preparation of the Planting Hole , — After removing any 
covering which the soil may possess, the pit is made with 
the hoe, semi-circular or ordinary spade, if necessary with the 
pick. The size of the hole depends on the extent of the plant’s 
root system and the nature of the soil. If the latter is rich 
and fairly open, the hole need not be larger than the spread of 
the root system. On stiff soil it is desirable to make the pit 
somewhat larger and deeper, so as to give an additional 
amount of working and loosening. On favourable soil the pit 
may be made immediately before planting ; on unfavourable 
soil it should be made in the previous autumn, so as to expose 
the earth to the effects of the winter frosts. The soil taken 
out of the pit should be placed in two heaps, the good soil 
being kept separate from the rest. 

Placing the Plant . — In placing the plant in^the pit, it should 
be held in such a manner that the root system may assume a 
natural position, then the earth is gradually filled in, so as to 
get well round the rootlets; first pressed on gently, then 
somewhat more firmly, and finally pressed down with the 
foot. The best part of the soil should be brought into contact 
with the rootlets, and the worst placed on the top. Manure, 

p2 
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such as compost, turf ashes, etc., may be given ; it is placed 
around the roots. After the operation has been completed, 
the surface around the plant may be covered with turf, moss, 
or stones to assist in the preservation of moisture ; care must 
be taken that the stones do not press against the stem of the 
plant. In dry localities the pit may be made somewhat 
deeper and not altogether filled up, so as to collect water 
round the plant. 

Of special use during the operation is a small one-hand hoe 
(Fig. 58), which is used to break up the soil and to scrape it 
together and on to the plant. 

With a view to facilitating the operation, the pit is some- 



Fig. 69. 


times given a vertical wall on one side against which the 
plant is held (Fig. 59), while the soil is placed round the root 
system ; it has this disadvantage, that the root system is 
pushed somewhat to one side, or flattened out. 

The operation as above described requires two persons, best 
a man and a boy ; the latter holds the plant, whilst the former 
fills in the earth. To obviate the employment of a second 
person, an arrangement, as indicated in Fig. 60, has been 
recommended for use in planting out large plants. It consists 
of an iron rod fixed in the ground near the planting pit and 
bent at right angle over it. At its end it has a second springy 
piece of iron, so that the stem of the plant can be pushed 
between the two, and the plant held in a suitable position. 
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The advantages of the instrument are that the plant can be 
held in a vertical position, and that the planter has both 
hands free to operate with. 

During the operation of planting, manure can be added. 
Biermans adds turf ashes prepared as shown on page 197. 
The method of planting is indicated in Fig. 61. The planting 
hole having been made with the spiral spade (Fig. 38 on 




Pig. 60. 


page 166), a quantity of turf ashes is pressed against one side 
(at a), then the plant is placed in the hole, a second handful of 
turf ashes pressed against it (at h), then the better part of the 
excavated earth is filled in and placed at c, and the rest of the 
hole, if any space should be left, filled up with the less good 
earth. Finally the earth is pressed together by placing the 
foot at cl. 

Value of Method. —It is simple and can be applied to any 
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bind oE plants, or any soil, except perhaps very wet or shallow 
soils. It is specially adapted for large plants, particularly 



Fig. 61. 

:^hose with an extensive root system. The cost depends on 
the size of the pits. 

&. Planting ivitJi Peg^ Staffs or similar Tools, 

Planting with a peg is done in the case of young plants 
which have not as yet developed side roots of any length. It 
is specially adapted for the cultivation of dry localities with 




Fig. 64. 


plants which have been raised in such a manner as to develop 
long tap roots, to bring them into contact with moisture 
lodging at some depth. 

In order to guard, against the plants being choked by weeds 
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it is frequently necessary to work the soil before planting, 
either entirely, or in strips or patches. This can be done 



with a light plough or the hoe. In such cases the area may 
be used for the raising of a ;pLeld crop before planting. 

Pegs of various shapes are used, such as the ordinary 
planting pegs (Pig. 62), the planting 
dagger (Fig. 68), Buttlar’s iron (Fig. 64), 
etc. The planting peg is constructed of 
wood ,' Fig. 63 consists of a wooden peg 
with an iron coating up to the handle ; 

Buttlar's tool is made entirely of iron, 
the handle being covered with leather ; 
it weighs about seven pounds. 

When using any of these tools the 
planter holds a bundle of plants in one 
hand and the tool in the other ; he inserts 
the tool into the ground (Fig. 65, a), 
takes a plant out of the bundle, holds it 
between two fingers, withdraws the tool, 
inserts the plant into the hole, re-inserts 
the tool in a slanting position (Fig. 65, 5), 
and presses earth on to the plant by push- 
ing the peg towards it. The second hole 
thus produced (Fig. 65, c), can be filled up by inserting the 
tool a third time, or by pressing earth into it with the foot. 



Fig. 66. 
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In these plantings the root should go down straight into 
the hole, and not be doubled up. To facilitate the operation 
of insertion, and to protect the fine roots against drying, 
they are frequently dipped into soft mud as soon as they have 
been lifted. 

The method is cheap and of great despatch, especially if it 
is not necessary to work the soil beforehand. It is specially 
adapted for light sandy soil, less for stiff soil, or for a locality 



Fig. 67. 



Fig. 68. 



Fig. 69. 


which is likely to be overrun by weeds. The plants should 
not be more than two years old, or else they will have 
developed too long side roots. Only seedling plants should 
be thus planted. 

Where deeper holes are required, or on stony soil, the 
planting staff (Fig. 66) may he used. It is a much heavier 
tool, weighing about eleven pounds, and two men, or a man and 
a boy, are required for the operation, one making the holes 
and the other inserting the plants. 
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t\ Notching, 

This method differs from planting with a peg in the shape 
of the planting hole, which is that of a notch. The tools 
ordinarily used are the planting hatchet (Fig. 67), the notching 
spade (Fig. 68), and the ordinary spade. The hatchet is 
inserted into the ground with one hand and pulled out again, 
thus producing a notch, in which the plant is inserted ; the 



notch is closed by knocking the adjoining earth into it with 
the thick end of the hatchet ; finally the soil is pressed down 
with the feet. 

The notching spade is wedge-shaped, and after insertion 
into the ground an enlarged notch (Fig. 69) may be produced 
by swaying the spade to and fro. The tool requires two 
persons, one making the notches, and the other inserting the 
plants, filling in, and pressing down the earth with his feet. 
The common spade can be used in the same way as the 
notching spade, but a much better shape is that exhibited in 
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Pig. 70 (a, h). It is perfectly straight, with a sharp point 
.which easily penetrates into the soil. In using this spade 
the notch generally has the shape shown in Fig. 70 (c) 
(exaggerated). The plant, after insertion into the notch, is 
securely fixed in the ground as indicated in the case of 
planting with the peg (Fig. 65). This spade is no doubt the 
best tool for notching which has been constructed. 

On stiff soil the holes for seedling plants may be made with 
a hollow spade, like Fig. 71. It is not necessary to remove 
the ball of earth from the spade by hand ; by inserting the 
spade for the purpose of making a second hole, the ball of 
earth taken from the previous hole is ejected at the top, and 
can be used to fill up the hole afterwards. The plant is 
inserted as before, and the hole is filled up and the soil 
pressed down firmly by means of a peg and the feet. 



a. 



In Great Britain notching is done in a somewhat different 
way, generally with the ordinary spade, so as to produce a 
T-shaped or a triangular notch, mostly the former. The 
spade is inserted into the ground (Fig. 72, a), and withdrawn; 
then it is a second time inserted at right angles to the first 
insertion and at one end of it (Pig. 72, h ) ; next the handle is 
bent backwards, thus raising and opening out the edges of the 
first notch (Fig. 72, c) ; then the' plant is slipped in from the 
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blade of^ the spade towards the far end of the first notch, the 
spade withdrawn and the soil pressed down with the feet, so 
as to cause the notches to close completely. The operation 
requires two persons, a man and a boy. 

The merits of ordinary notching are very much the same 
as planting with a peg. As regards the British method of 
notching it must be noted that the root system obtains an 
altogether unnatural position, it being completely pressed to 
one side (compare Fig. 53, Z>, on page 204). It' has already 
been pointed out in that place, that often many years pass 
before this drawback is overcome. The system as practised 
in Britain can yield satisfactory results only under a favour- 
able climate and in the case of certain species. It is chiefly 
employed in planting Scotch pine and larch plants two to 
four years old. 


3. Mound Planting, 

Apart from wet and swampy localities, planting is sometimes 
done on naounds, instead of in pits. 

The mounds are formed either by scraping together the 
ordinary soil, or by depositing a 
basketful of specially prepared soil 
at regular intervals. The plant is 
inserted into an opening produced 
in the centre of the mound, and 
then the soil pressed round the 
roots until the mound has been 
re-formed- Finally the mound is, 
whenever practicable, covered with turf, to protect it against 
rapid drying. For this purpose two pieces of turf are placed, 
one on the shady side (a), and the other on the sunny side (b), 
so that the latter overlaps the former (Fig. 73). In the absence 
of turf, stones may be placed on the mound. 

The method is only suited to plants with a shallow root 
system, if the mounds are to be of moderate size. It has 
yielded good results on soil, such as gravel or hard clay, 
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where the striking of the plants under ordinary planting 
would have been doubtful. The expenses are higher than 
in the case of pit planting, but not by very much, since the 
method contemplates only small mounds. 

Where mound planting is adopted against an excessive 
degree of moisture in the soil, the mounds must be consider- 
ably higher and larger than in the method just desscribed. 
The expenditure is further increased if the planting is done on 
continuous ridges, prepared as described on page 137. 


D. Planting of Slips, Layers and Suckers, 

Plants of these kinds are used in the case of species which 
do not readily seed, or the seed of which germinates indiffer- 
ently, or for the purpose of obtaining at once plants of some 
size. Such methods are only auxiliary in temperate Europe, 
except in the case of willows and poplars. 

1. Slips. 

A slip or a cutting is a rootless plant, which consists of a 
piece of young green wood taken from the stem or a branch of 
a rooted plant ,* when inserted into the ground it develops roots 
and crown. Poplars and willows are grown in this way. 

Slips may retain the leading shoot or be truncated. The 
former consist as a rule of stool shoots ; the latter can be 
taken from stool shoots or from the branches of older trees, 
their length differing from a few inches up to ten or more 
feet. 

In some cases slips are in the first instance placed into 
nurseries until they have become rooted, but they are gener- 
ally planted out at once in the forest. The insertion into the 
ground can be done in vai’ious ways, such as placing the slips 
in furrows and covering them by drawing a second furrow 
with the plough ; or they may be placed in ditches, trenches, 
pits, or each slip simply pushed into the ground to the required 
depth. 
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When entire slips are used, only the lower portion is inserted 
into the ground ; of truncated slips only a small part remains 
above the surface. In order to insure striking and a proper 
development, the ends of the slips should be cut sharply and 
smoothly in a slanting direction,* and each truncated slip must 
contain some buds, of which at least one, or better several, 
must be above ground. It is also essential that the bark 
should not be injured at the ends ; hence pushing the slips 
into the ground without a previous opening is only admissible 
in very loose soil ; in all other cases they should be planted 
with a special iron dibble. 

The best time for planting slips is early spring, shortly 



Fig. 74. 

before the buds begin to swell, though, under favourable circum- 
stances, the slips can be planted at other times, even during 
the growing season. The roots formed after planting come 
from the callus produced at the lower end or from the lenticels 
in the bark. 

In England the stools of osiers are recruited by slips, which 
are mostly entire ; they are planted immediately after the 
osiers have been cut, usually in December. On the Continent 
truncated slips are used in preference. 

2. Layers, 

“ Layers are branches, or stool shoots, which have been bent 
down and partly buried in the soil ; they develop roots at the 
buried portion, and when this has taken place, they are severed 
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from the mother tree and represent ■ independent plants ready 
to be put out. The formation of roots may be expedited by 
removing some of the bark of the layer below ground on the 
side of the parent tree. 

Where large numbers of layers are required, the most suit- 
able plan is to produce stools which send out numerous shoots. 
Each of these shoots is then bent back and fastened into the 
ground, where it remains until rooted (Fig. 74). In England 
lime and elm are generally propagated in this manner. 

3. Suckers. 

The root from which the sucker has sprung is cut through, 
clean and slanting, on both sides of the base of the sucker, the 
latter lifted out of the ground and put out into the forest. 
The method is rarely used, as disease is likely to be introduced 
through the cut ends of the root. 

In some cases pieces of roots are planted out, which produce 
roots and shoots. 

Note . — Grafting and Budding, being outside practical sylvi- 
culture, will not be dealt with in this volume. 
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Natural regeneration can take place by seed, or by shoots 
and suckers. Accordingly the subject divides itself naturally 
into two parts. Regeneration by seed is applicable to all 
species; that by shoots and suckers applies only to broad 
leaved species, since the power of reproduction of conifers by 
shoots is either absent altogether, or at any rate so feeble that 
it is useless for sylvicultural purposes. 

Section I. — ^Natural Ebobneration by Seed. 

By natural regeneration by seed is understood the formation 
of a new wood by the natural fall of seed, which germinates and 
develops into a crop of seedlings. The trees which yield the 
seed are called the mother trees ; they may stand either on the 
area which is to be re-stocked, or on adjoining ground. 
Accordingly a distinction is made between — 

(A.) Natural regeneration under shelter-woods ; 

(B.) ,, ,, from adjoining woods. 

A. Natural Regeneration under Shelter- woods. 

The area is stocked with seed bearing trees, and the new 
generation springs up under their shelter ; for some time, at 
any rate, the area bears the new crop and part of the old one. 

The system is that which occurs in primeval forests. When 
a tree falls from old age, or other cause, and an opening is 
thus formed in the cover overhead, the seeds falling from the 
adjoining trees germinate and develop into seedlings ; these 
grow up under the shelter of the older trees, until they in 
their turn become mother and shelter trees. In this manner 
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primeval forest, if undisturbed, goes on regenerating itself for 
generations. The process is a slow one, as the young crop 
will only develop when sufficient light is admitted by the fall 
or death of the old trees. In sylviculture it is accelerated by 
the artificial removal of a portion of the old trees, when they 
have become fit for economic purposes. By degrees, modifi- 
cations have been introduced, which lead to a number of 
distinct methods. Of these, the following demand special 
notice ; — 

(1.) The Selection System age classes are evenly, or 
approximately evenly, distributed over the whole area of the 
forest. Throughout its entire extent the oldest, largest, and 
diseased or defective trees are year after year, or periodically, 
removed, followed by the springing up of new growth in small 
patches or single trees. 

(2.) The Group System. — The age classes are distributed over 
the forest in groups of moderate extent. The oldest groups 
are regenerated first, then the next oldest, and so on, until the 
whole forest has been gone over. Some modifications of this 
system have been introduced, which will be explained further on. 

(3.) The Compartment System .^ — The age classes are so far 
separated, that each occupies a distinct portion of the area, 
representing an even aged, or approximately even aged, wood. 
Each wood comprises one or more compartments, and either 
the whole, or one compartment at a time, is regenerated 
uniformly over the area, so that the old crop is replaced by a 
young, fairly even aged wood. 

(4.) The Strip System. — This is a modification of the com- 
partment system, each compartment being divided into a 
number of strips. As it differs from the compartment system 
in some respects, it will be dealt with separately. 

* Tlie term selection system was introduced in India ; it is perhaps not an 
ideal term, since a certain amount of selection is practised in all systems ; it 
has been retained, as none better is at present available. The system is called 
• Femelletrieh^ or Flantevbetrieb^ in German, and Jardimye in French. 

f Scldayioeiscp Betrieb in Gorman, and mHUode pur coupes succemret^ in 
French. 
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The limits between the several systems are not always 
clearly defined, as will be seen further on, but there are certain 
general conditions of success which hold good for all. Amongst 
these the following may be mentioned : — 

(1.) The mother trees must be capable of iDroducing good 
seed in sufficient quantity. 

(2.) The soil must be in such a condition that it forms a 
good germinating bed. 

(3.) The young seedlings must have sufficient light to grow 
up, and yet, if tender, they must be protected against 
external injurious influences. 

(4.) The fertility of the locality must be duly preserved by 
protecting the soil against the sun and air currents. 

These conditions, if not naturally existing, must be produced 
by timely and judicious interference. The measures adopted 
for the purpose consist in — 

((^.) Cuttings so executed that they produce the desired 
conditions. 

(5.) Artificial preparation of the germinating bed, if this 
should be necessary. 

The several systems comply with these conditions in 
varying degrees. In order to bring out the general character- 
istics of the methods, it is desirable to commence with a 
description of the compartment system. 

1. The Com2Jart77ient or Uniform System of Natural 
Regeneration under Shelter-ivoods. 

The regeneration occurs approximately at' the same time 
and uniformly over a whole wood, which, for convenience’ sake, 
is here called a compartment. The area treated at one time 
and in a uniform way is called the regeneration area. The 
new crop should be created, if possible, by one seed year over 
the whole regeneration area ; this, however, succeeds only in 
exceptional cases, so that, as a rule, two or even more seed 
years are required to complete the regeneration. As a 
consequence the regeneration process may extend over a 



2^6 


NATURAL REGENERATION OF WOODS. 


term of 5, 10, 15, and sometimes even more years, resulting in 
a new crop which is only approximately even aged. 

The cuttings are made from time to time as required, and 
so that the old or shelter-wood gradually makes way for, and 
is replaced by, the new crop, the process being as uniform as 
practicable over the whole regeneration area. These successive 
cuttings are, for convenience' sake, generally arranged into 
three groups, each of which represents a distinct stage, 
namely, — 

(a.) The preparatory stage. 

(&.) The seeding stage. 

(c.) The final stage. 

Theoretically speaking, the preparatory and final stages each 
comprise several cuttings, and the seeding stage only one, 
but their actual number depends on the circumstances of each 
case, as will be seen from the description given below. 

a. PTqmratory Stage, 

There is a time in the life of eveiy wood which is most 
favourable for natural regeneration ; it occurs during the 
period of maturity, but differs somewhat in accordance with 
the special conditions of each wood. That time is, theoretically 
speaking, the best for the process of regeneration, but other 
important considerations may not always permit of this 
particular period being taken advantage of. Only in rare 
cases have the trees at that time reached a profitable size for 
economic purposes ; hence, they must be allowed to grow on 
for a series of years, and thus pass the most favourable period. 
In other cases, where only small material is required, the 
objects of management may demand cutting over before the 
most favourable period for regeneration has been reached. 

Every such deviation creates obstacles to successful regenera- 
tion. Either the trees are not in the best period of life for the 
production of good seed in sufficient quantity, or the soil is 
not in the best possible condition to serve as a germinating 
bed. It is the object of the 'preparatory cuttings to counteract 



THE COMPAHTMENT SYSTEM. 


227 


these and other drawbacks^ which require to be more fully 
explained. 

i. Preparation of a Suitable Seed Bed. 

The soil must be brought into a condition which ensures a 
proper germination of the seed, and enables the seedlings to 
reach the mineral soil with their rootlets within a reasonable 
time ; it must be suitably porous and moist. The necessary 
measures to ensure this depend on the condition of the wood, 
and on the nature of the locality. 

In the course of a rotation crowded woods produce con- 
siderable quantities of humus, which decomposes at a quicker 
or slower rate according to species and other circumstances. 
Where, on approaching the period of regeneration, the layer 
of humus and leaves is so thick that seedlings cannot reach 
the mineral soil within a few weeks after germination, it must 
be reduced before regeneration is attempted. This is done by 
removing some of the trees, and thus admitting the sun’s rays 
and a more active circulation of air, which cause an accele- 
rated decomposition of the humus. The severity of the cutting 
depends on the original density of the leaf canopy ; dark cover 
overhead demands a heavy cutting, a thin cover a light cutting 
or none at all. It also depends on the nature of the soil ; 
over limestone the humus decomposes rapidly, on cold heavy 
soil slowly. Again, the leaves of some trees decompose more 
rapidly than those of others. 

Situation and the local climate must also be considered. 
Where the degree of moisture in the soil and the air is high, 
decomposition proceeds at a slow rate; such localities are 
high situations, northern aspects, moist valleys, the shores of 
lakes and the sea. In all such cases the preparatory cuttings 
must be comparatively heavy. 

On the other hand, in localities which are liable to be 
overrun by a heavy crop of grass or weeds, the cuttings must 
be light, or else the young seedlings will be choked. 

Generally, the most suitable condition for germination has 
been reached when the covering of the soil has been so far 

Q ‘2 
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reduced that the mineral soil can be seen here and there 
through it, without being altogether exposed ; the seedlings 
will then be able to establish their rootlets in the mineral soil 
at an early stage, and thus escape the danger of being killed 
off by a subsequent spell of dry weather. If, at the conclusion 
of the preparatory stage, this condition has not been reached, 
a portion of the humus and leaves or moss may have to be 
removed artificially, or mixed with the mineral soil below. 

In many cases the vegetable covering of the soil has been 
already too much reduced by a premature interruption of the 
leaf canopy, so that the most favourable condition of the seed 
bed is past, the soil having become hard and dry, or overrun 
by grass and weeds. In such cases further cuttings would 
only increase the evil, and must therefore be omitted ; a suit- 
able seed bed is in that case secured by working the soil 
immediately before or after the seed falls. The working of 
the soil may consist merely in removing the weed growth, or 
in hoeing it up either entirely or in strips or patches, causing 
it to be broken up by pigs, raking, harrowing, or even ploughing 
it with a light forest plough. Generally speaking, this opera- 
tion is known as ‘‘ wounding the soil,'’ and is considered a most 
important cultural measure. At the same time it is expensive, 
and should be executed only when necessary. 


ii. Stuengthening the Shelter Trees. 

After the ground has actually become stocked with seedlings, 
only a certain number of the trees, which formed the original 
wood, will remain on the ground to afford shelter to the young 
crop and the soil. If all the rest of the wood were removed at 
one cutting, so that the above-mentioned shelter trees were 
suddenly brought from a crowded into a comparatively open 
position, they would probably be thrown by the first gale. 
To avoid this they must be placed only gradually in a more 
open position, so as to obtain a ‘firmer hold of the ground. 
This is done by the preparatory cuttings. 

The trees which are to form the ultimate shelter-wood must 
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be selected from the beginning ; they should be trees with 
neither exceptionally broadnor narrow crowns, but healthy 
trees with medium crowns, and these must be led over gradu- 
ally from ' a crowded to a more open state. It follows that, 
from this point of view, the preparatory cuttings are of more 
importance in the case of shallow-rooted species and very 
dense woods, than under opposite conditions. 

iii. Stimula'iing thij Pkodttction of Seed. 

In some cases placing the trees in a more open position has 
a beneficial effect upon the production of seed, but this cannot 
be always relied on, as frequently such a measure is followed 
by increased production of wood instead of seed. 

iv. Di.stribution of the Yield. 

If forest trees were in the habit of producing seed regularly 
every year, arrangements might be made to place annually 
a suitable area into the seeding stage, and thus distribute the 
cuttings equally over successive years. As, however, most 
forest trees produce abundant seed only after irregular inter- 
vals, it is necessary to take full advantage of every such 
opportunity and then to bring as large an area as possible 
into the seeding stage. If no preparatory cuttings had been 
made, such a treatment would lead to an excessive yield in 
every seed year, and little or no yield in other years. Hence 
preparatory cuttings fulfil the further duty of assisting in the 
proper distribution of the yield. 

V. Numbek and Ghabac.teu of Cuttings. 

Whether the preparatory stage should comprise one or 
several cuttings cannot be determined beforehand ; it depends 
on the circumstances of each case. Sometimes such cuttings 
are altogether unnecessary or undesirable, in others one good 
cutting sufidces, and in others again two or even more are 
req[uired. 

The period over which the preparatory stage extends com- 
prises sometimes only one or a few years, at other times as 
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much as ten or even more years. In the latter case the cut- 
tings should be light and frequently repeated. Generally, the 
cover should not be interrupted to any considerable extent 
during the preparatory stage, except, perhaps, towards the 
end of it. 

In selecting the trees to be cut during this stage, a com- 
mencement is made by the removal of diseased trees, and all 
species not required or desired for reproduction ; then trees 
with bad crowns are chosen, followed by those with excep- 
tionally broad crowns, care being taken throughout that the 
trees destined for the ultimate shelter- wood are as evenly 
as possible distributed over the area, and give the shelter 
required for the species under regeneration. 

I), Seeding Stage. 

If the process of preparatory cuttings has been allowed to 
take its regular course, it will result in the locality being 
gradually brought into a condition fit to produce a new crop, 
which springs up and occupies the ground. Such is, however, 
rarely the case in practice, because the seed years come at 
irregular intervals ,* hence, to avoid the risk of opening out 
the old wood too early, it is desirable to hold back a little with 
the preparatory cuttings. When a seed year actually comes, 
the regeneration area is frequently not quite ready for it, and 
it is found necessary to make an additional cutting, which is 
called the “ seeding cutting.'' By this measure all trees are 
removed which are not required afterwards for shelter or the 
further production of seed. 

It is evident that the marking of the seeding cutting should 
be made only when the seed is actually on the trees and 
sufficiently advanced to be depended on. The cutting can be 
made shortly before, during, or after the fall of the seed. 
Cases in which this rule may be departed from are compara- 
tively rare, for instance, on thoroughly fresh or moist soil, and 
in the case of a species which seeds regularly every year. 

The important question at this stage is the density of the 
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shelter-wood which remains after the seeding cutting has been 
executed. That density must be such as to ensure the most 
favourable conditions for the further advancement of the 
young crojo ; in other words, it must afford sufficient light to 
the young crop without exposing it to injury by frost, drought, 
or excessive weed growth ; at the same time there must be 
sufficient shelter left to affect the general factors of the locality 
beneficially. 

It will be easily understood that, apart from the species, 
the density of the shelter-wood depends on a variety of 
circumstances, of which the following, may be mentioned : — 

i. Conditions of the Locality. 

’ The shelter- wood should afford protection against the drying 
up of the soil, frost, cold winds, growth of weeds, and perhaps 
also against damage by insects. In localities where the young 
crop is threatened by one or more of these dangers, the 
shelter- wood must be kept dark; amongst them may be 
mentioned poor, loose, stony soils, southerly and westerly 
aspects, steep slopes, localities exposed to dry or cold air 
currents or to great changes of temperature in spring result- 
ing in late frosts, those inclined to a strong growth of weeds, 
especially calcareous soils, where wind falls are apprehended, 
or where cockchafers and other insects are likely to settle. 
Where the opposite conditions prevail, in other words on 
generally favourable localities, the shelter- wood may be less 
dark, with a comparatively light cover overhead. 

ii. Condition of the Shelter-wood. 

Old trees have comparatively denser crowns than younger 
trees. Tall trees give less shade than short ones. Both 
cu'cumstances must be considered in determining the number 
of trees to be left for the shelter-wood, so as to produce the 
desired density. 

iii. Degree of Preparation arrived at during the Preparatory Stage. 

The higher that degree, the lighter may be the shelter-wood, 
other conditions being the same. Whenever the preparation 
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has been insufiS.cient or faulty, it is desirable to keep the 
shelter-wood comparatively dark, because the seeding may 
fail or be incomplete, so that a second seed year must be 
awaited before the area becomes completely stocked with a 
new crop. 

iv. Species. 

Above all, the nature of the species detei'mines the density 
of the shelter-wood. Tender species, especially those of slow 
growth daring youth, require a dark shelter-wood ; hardy, 
light-demanding, quick-growing species a much lighter one. 
In the case of the latter, the distance of the shelter trees may 
he' governed only by the distance to which tlie seed is naturally 
disseminated. 

V. GENE11.4.LLY. 

The cover of the shelter-wood should be as even as possible 
throughout whenever the conditions are uniform over the 
whole regeneration area ; if they differ from place to place, 
the shelter-wood must be arranged so as to suit the changes. 
Along the edges of the wood, especially where exposed to dry, 
cold, or strong air currents, the shelter- wood should be kept 
dark, and it may be even necessary to provide beforehand a 
special shelter belt. 

As already indicated, the shelter-wood should consist of 
healthy trees with moderate-sized elevated crowns. If trees 
with low crowns have to be selected, it is useful to prune the 
lower branches away to a height of 15—20 feet. 

The time for making the seeding cutting may be, as stated 
above, shortly before, during, or after the fall of the seed ; 
it must be concluded and all the material removed before the 
seed begins to prminate. In felling the trees care must be 
almn not to mjure those which remain as the shelter-wood. 

The proper time has now arrived for considering whether 
any artificial working of the soil is required. Should this be 
the case, it can be done as indicated on page 158. Inhere 
root wood is saleable and the removal of tlie stools deskable 
on other grounds, the trees comprised in the seeding cutting 
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may be grubbed out, thus ensuring a considerable amount of 
■working of the soil. 

If the -working of the soil is done after the seed has actually 
fallen, the latter is thereby brought into the ground. The 
depth of such -working depends on the nature of the seed ; it 
may be deeper for large seed, such as acorns, beechnuts, and 
chestnuts, but it must be shallow for small seeds. At this 
period the question what to do with any advance growth must 
also be decided. Many foresters clear it away, so that the 
young crop may be as uniform as possible ; others leave 
really healthy groups of it to form part of the new wood; 
ordinary underwood of other species must be removed. 

From this time forward the regeneration area must be 
carefully protected against the removal of litter, cattle grazing, 
and grass cutting. 

f. Final Sht^ge. 

The final stage comprises the period from the execution 
of the seeding cutting until the ultimate removal of the 
shelter-wood. 

The principal objects of the shelter- wood, after the ground 
has been stocked with a crop of seedlings, are to protect the 
young growth against various dangers and to preserve the 
activity of the soil until the new crop can undertake that duty. 
At the same time the shelter-wood will act obstructively as 
regards the admission of light and precipitations, and therefore 
it must not be left longer than is actually required. Its 
removal is effected, so as to meet these various requirements, 
by one or several successive cuttings executed at intervals of 
one, two, or more years. The rate at which, or the time 
within which, the removal takes place depends on various 
considerations, such as the following: — 

i. Activity op the Soil.' 

The preservation of a suitable degree of moisture in the 
soil is of first importance. Owing to the action taken during the 
preparatory stage, the degree of moisture in the soil may have 
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been imperilled. Prom the moment that a new crop has 
actually sprung up, the considerations which prompted the 
measm-es taken during the preliminary stage disappear ; it 
becomes the duty of the forester to do his utmost to give to 
the soil all the shelter available after due consideration of 
the requirements of the young crop, and to re-establish as 
quickly as possible a fresh and substantial layer of humus on 
the ground. 

Until the new crop closes overhead, therefore, the old wood 
must provide a certain amount of shelter, and the leaves 
falling from it will form the nucleus of the new soil 
covering. On steep slopes the remaining shelter trees help 
also to prevent damage by water rushing down the hill side. 
At the same time the cover of the shelter -wood during the 
final stage is already much interrupted, and not too much 
must be expected from it ; in some cases it may even act 
injuriously, as it may deprive the soil of more rainwater and 
dew than is preserved by the beneficial action of the crowns 
of the trees. 

ii. Frost. 

As regards frost, the shelter-wood does good service by 
reducing radiation ; it is less effective against cold air 
currents, unless it is supplemented by a dense shelter belt 
or wind break along the edges of the wood. Most species are 
liable to be injured by frost during early yonth, and some 
require protection against it for a considerable number of 
years. 

iii. Weeds. 

Here again the shelter-wood acts beneficially, by preventing, 
or at any rate retarding, the springing up of weeds, thus giving 
time to the new crop to increase in height before it has to 
contend with them. 

iv. Insects. 

Experience has shown that damage by insects is in many 
cases less pronounced under a shelter-wood than on clear 
cuttings. 
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V. Light. 

As regards light requirement, most species could dispense 
with the shelter-wood altogether were it not required on 
account of other considerations. In the case of some species 
a free admission of light is absolutely necessary shortly after 
the new crop has sprung up ; others will bear a certain amount 
of shade, but only for a limited period. 

vi. Generally. 

From what has been said it will be seen that the forester 
has to choose between various evils when deciding on the 
proper density of the shelter- wood in the final stage ; he must 
ascertain which of these contradictory demands are the 
strongest, and act accordingly. On the whole he will do 
well to follow a middle course. 

Although, under these circumstances, it is impossible to give 
a definite rule for the number and strength of the cuttings in 
the final stage, it may be useful to give the following direc- 
tions: a lighter shelter-wood is indicated on north and east 
aspects, in localities with a short vegetating season such as 
high altitudes, localities not exposed to cold winds or to rapid 
weed growth ; a darker shelter-wood is desirable in frost 
localities, on south and west aspects, and where a luxuriant 
weed growth may be expected. 

Above all, the strength of the cuttings in the final stage 
must be governed by the rate at which the young crop 
develops. Where it is coming on well, showing strong 
shoots with fresh green foliage and full buds, the shelter- 
wood is sure to possess the right degree of density ; if, on the 
other hand, the new crop consists of weak 'thread-like plants 
with feeble crowns, pale foliage, and thin buds, the shelter- 
wood requires thinning. 

As regards the severity and number of cuttings, it may be 
given as a general rule that a gradual change from a dense to 
a thin shelter-wood is the best mode of procedure. Where 
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extensive areas have to be dealt with, such a constant atten- 
tion to each wood is not always practicable, and the number 
of cuttings must be limited and distributed at intervals of 
several years. The first cutting in the final stage is generally 
made when the young crop is two or three years old, the 
others following at similar intervals according to require- 
ments. The last cutting, or final clearing, must not be 
delayed too long, as a thin sprinkling of shelter trees may 
do more harm than good. 

The distribution of the yield over the several years and the 
state of the market frequently interfere with the timely execu- 
tion of the cuttings. Similarly, the occurrence of a seed year 
may necessitate a suspension of cuttings in the areas stand- 
ing in the final stage. These matters are not conducive to a 
healthy development of the young crop, but the drawback is 
to some extent compensated by the heavy increment laid on by 
the shelter trees, which increase rapidly in size and value. 

The absolute duration of the final starje differs considerably 
according to species and the special conditions of each locality. 
In the case of some light-demanding hardy species, and in 
favourable localities, it may not be longer than from three to 
five years, while it may extend over 10, 15, and even more 
years in the case of tender species, in unfavourable localities, 
and where the object is to increase the size and value of the 
shelter trees in their roomy position. 

In executing the fellings in this stage special care must be 
taken to avoid injuring the young growth. The trees must be 
lopped, if necessary, before felling, and they must be thrown 
in that direction in which they are likely to do least damage. 
Fellings should not be ipade during frost unless deep snow is 
on the ground, as the young growth is then very brittle. The 
material must be taken out of the wood by means which cause 
a minimum of damage, and, if possible, before the next growing 
season commences. 

If, after the removal of the last shelter trees, blanks of 
appreciable extent exist, they must be artificially filled up by 
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planting strong plants on them, and in some cases perhaps by 
sowings. 

iL Marhiiiy the Trees for Removal,. 

What has been said above shows clearly, that the success 
of natural regeneration by seed under a shelter-wood chiefly 
depends on a suitable composition of the latter during the 
several stages of the regeneration period, in other words, on a 
careful selection of the trees to be removed. Except in the 
case of experienced foresters, this must be carried out when 
the effect of the removal of a portion of the trees can be best 
judged, namely when the trees are in leaf. In the case of 
evergreen species the marking can be done at any time, but 
in woods containing deciduous species the marking should be 
done in summer or early autumn before the leaves fall. In 
carrying out the mai'king only a narrow strip should be taken 
in hand at a time, and the business should be supervised by a 
competent and responsible forester. 

2. The Strip System of Nahcral Regeneration under 
Shelter -woods. 

As already mentioned, this system is a modification of the 
compartment system. Instead of conducting the regeneration 
process uniformly over a whole wood or compartment, the area 
is divided into a number of narrow strips, which are taken in 
hand, one by one, at such intervals, that generally three strips 
are under regeneration at one and the same time ; one being 
in the final stage, one in the seeding stage, and a third in the 
preparatory stage. As soon as one strip has been completely 
regenerated a fresh strip is taken in hand, and so on, until the 
process is gradually extended over the whole compartment or 
wood. In the appended Figs. 75 and 76, the strip marked / 
is in the final stage, that marked s in the seeding stage, the 
one marked p in the preparatory stage, and the rest of the 
area marked n is forest as yet untouched. The process of 
regeneration in each strip is the same as that described in the 
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case of the compartment system ; there are the three stages, 
one following the other. 

North. 

p s f 



North. 



South. 


Tig 76. 

Nothing definite can be said regarding the breadth of the 
strips; it depends ’on the species and the local conditions. 
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Those who advocate the system say that, ordinarily, the 
breadth should not exceed the height of the trees. There 
is no limit to the length of the strips. 

The operation should generally commence on that side of 
the wood which is opposite to the prevailing wind direction ; 
this rule may be overridden by other considerations, for 
instance an unfavourable distribution of the age classes. 
In some cases the wood may, if necessary, be attacked in 
two or more places at the same time. 

For the rest, little or no difference exists between this and the 
compartment system, except that the area under regeneration 
is less concentrated in the former. 

3, The Group System of Natural Regeneration under 
SJielter- 2 voods, 

If a forest is naturally regenerated under the compartment 
system it may happen that, after the seed cutting, the area is 
not, or only partially, stocked with a new crop. A second 
seed year must then be awaited, and in the meantime, the 
cover having been thinned, the soil may suffer considerably 
under the additional admission of light, so that it may not 
present a fit germinating bed when the second seed year 
arrives. Extensive working of the soil or artificial forma- 
tion has then to step in. With the view of reducing this 
drawback to a minimum, foresters hit upon the idea of taking 
in hand in the first place only certain limited groups, scattered 
over the compartment; when these have been successfully 
regenerated, they proceed with a second set of groups, and so 
on, until the whole compartment has passed through the 
process of regeneration. In pi’actice, the system has been 
further modified: certain groups, as before, are taken first 
in hand, and when these have been regenerated, they are 
gradually enlarged by regenerating successive narrow bands 
around them, and this process is continued until the several 
groups merge into each other (Figs. 77 and 78). The time 
required for the completion of the process in each wood, or 
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compartment, is considerably longer than under the compart- 
ment system, and it extends generally over a period of 20 to 
50 years, according to species and local conditions. 

A wood, while being regenerated under this system, presents 
a varying picture ; some parts of it have been completely 



regenerated, others are more or less advanced in the process, 
and others again are as yet untouched, with a complete cover 
overhead. When the whole process has been completed the 
young wood consists of trees varying in age by 20 to 50 
years, according to circumstances; it is in fact an uneven 
aged wood. 




THK ftfiOUP SYHTEM. 


^41 

a. Sdection of Groups. 

The time when the different parts of the wood are attacked 
depends chiefly on the following considerations : 

i. Advance Giiowth. 

In almost every mature wood groups of young growth are 
found, which have sprung up, here and there, before the 



Fig, 78. — Elevation of a section along at oi Fig. 77, in four 
successive stages. 


regeneration cuttings have been commenced ; such young 
growth is called ^'advance r/rotvth.'* Under the uniform 

s. 
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system it is not much valued, partly because it gives the 
young crop an uneven character, and partly because, having 
stood for some time under the shade of the old crop, it is not 
always capable of developing into healthy full-sized trees ; 
hence, it is frequently removed altogether to make room for a 
uniform new crop. Under the group system all patches of 
advance growth, which are still healthy and capable of 
developing into full-sized trees, are carefully husbanded. 
They form the nuclei of the first regeneration groups ; the 
old trees standing over them are removed when no longer 
required, then the groups are enlarged, as indicated above, 
by gradually cutting away the immediately adjoining trees in 
narrow bands. 

ii. Differences of Age, Growth, Cover, and Species. 

Many old woods are naturally of uneven age. In such cases 

the oldest parts are first taken in hand, followed by the next 
age gradation, and so on. , 

Again, certain parts, for one reason or another, have not 
kept pace in development with the rest, nor are they likely to 
make up for it. They should be taken in hand first, so as to 
avoid loss of increment. 

Frequently certain parts have thinned out naturally, 
followed by an interruption of the leaf canopy ; they must 
be attacked first of all. 

In mixed woods, groups of different species may require 
regeneration at different times, offering an additional 
opportunity for a judicious selection of the groups first 
to be taken in hand. 

iii. Differences in the Conditions of the Locality, 

These may demand different treatment. The degree of 

moisture, porosity and fertility may vary from place to place, 
according to the surface configuration, aspect, and the character 
of the soil, inviting a change of treatment, and an earlier or 
later commencement of the regeneration process. 
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iV. GENBEiLLY. 

It is clear that in many woods the most suitable moment for 
regeneration does not occur at one and the same time over 
the whole area, thus offering sufficient room for a suitable 
selection of groups in which the process of regeneration 
should commence. 


h. Fmesn of Mef/eiteratimi. 

This is, in principle, the same as that described under the 
compartment system ; there are preparatory, seeding and final 
cuttings, but they are not always quite distinct, and frequently 
the preparatory or seeding cutting, or both, are unnecessary. 
Over advance growth, for instance, the two first stages are 
already past, and the final stage alone remains. 

Frequently a seeding cutting or a final clearing in one 
group admits sufideient light into an adjoining one to act 
as a preparatory cutting for it. 

Where the cover overhead is still complete and no advance 
growth has made its appearance, regular preparatory cuttings 
are made in selected spots, followed by a seeding cutting, so 
as to create groups of new growth which form the centres of 
subsequent operations. 

In practice, the group system is frequently combined with 
the strip system. Instead of selecting groups all over the 
area of a wood, or compartment, only a strip is, in the first 
instance, taken in hand, followed, some years afterwards, by the 
selection of groups in a further strip ; and so on, until the 
operations have been extended over the whole compartment, 
or wood. 


4. 'I'lie Selection System oj Nutnvnl Kegenei'atioii wider 
Shelter-woods. 

Theoretically, regeneration goes on in all parts of the 
forest by the removal of the oldest, largest, diseased or defec- 
tive trees, wherever they are found. No part of the forest is 

b‘2 



244 


NATURAL REaENERATION OF WOODS. 


ever at rest; advantage is taken of all seed years for the 
re-stocking of small holes cut into the cover here and there 
by the removal of one or a few trees. Of the large quantities 
of seed, which fall annually or periodically to the ground, 
only a small portion finds conditions favourable for the 
development of young trees ; the latter are found chiefly in 
those parts where old trees are standing, or wh(3re the cover 
has been interrupted. Here little groups of seedings spring 
up, which must be assisted by cuttings to afford them the 
necessary light. Such cuttings are the only regeneration 
cuttings made under the system. 

When an extensive area is treated under this system, it is 
frequently divided into a number of blocks, one being taken in 
hand every year. In this way cuttings are made in each block 
at regular intervals. In the beech forests of Buckinghamshire 
it is usual to cut according to the selection system every 7 — 12 
years ; in the Teak forests of Burma, every 10 — 30 years. It 
stands to reason, that in such cases the cuttings must be 
heavier in proportion to the interval between every two of them. 

5. Coinparatice Merits of the four Systems of Natural 
Regeneration under Shelter-woods. 

Each of these systems has certain advantages and draw- 
backs, which it is useful to bring out and compare. The 
result will be to show that, under a given set of conditions, any 
one system may be preferable to the others. 

ff. The Comparfmenf System. 

(1.) The business of regeneration is concentrated on a 
limited portion of the area, and it is completed within 
a comparatively short space of time. It follows that super- 
vision is easier, and that it can be more complete, all other 
things being equal, than when the work is spread over a 
number of disjointed groups or strips. 

(2.) The material to be removed at one time being collected 
within the smallest space, more satisfactory and cheaper 
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means of export are admissible than under opposite condi- 
tions. Eoads, slides, and other means of transport are of a 
minimum length, and their construction and annual repairs 
are less expensive than in the other systems. 

(3.) Lateral shade is less likely to injure a young crop 
demanding full enjoyment of light. 

(4.) Under the system a whole wood, or compartment, is 
treated in a uniform manner. If the cuttings have been 
executed at the right time and in the right manner, the soil 
at the advent of the seed year being in a favourable condition 
for germination, extremes of climatic conditions, such as frost 
or drought, not causing lasting damage, nor storms having 
blown down the mother trees, then the result of the operation 
is sure to be satisfactory ; in other words, a healthy young 
crop will have been produced. If, on the other hand, such a 
happy coincidence of conditions should not take place, the results 
may be far from satisfactory. It must be remembered that in 
this case success or failure extends over a considerable area, 
all concentrated in one place ; if it is a failure, only a thin cover 
overhead is left, under which the soil may deteriorate rapidly 
whilst a second or third seed year is awaited. In some cases 
the trees may be sufficiently vigorous to extend their crowns 
and to re-establish the cover, so that the process of regenera- 
tion can be initiated a second time and brought to a success- 
ful conclusion ; but in the majority of cases this will not be 
possible, the soil will suffer, and artificial cultivation has lo 
step in. 

(5.) In summing up, it may be said that the compartment 
system is indicated in localities which are not exposed to 
exceptionally unfavourable climatic conditions, and which 
have a soil of a fairly uniform character. Where the 
opposite conditions prevail, the group or selection system 
may be preferable ; at the same time it must not be over- 
looked, that the drawbacks of the system can be eliminated to 
a considerable extent by reducing the area to be dealt with at 
one time in the same locality. The system is better adapted 
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for th^ regeneration of pure than of mixed woods. As a matter 
of fact, the system is followed over the greater part of the 
State forests of Germany and France, where natural regenera- 
tion is adopted, though there is evidence that it will, in many 
cases, he superseded by the group system. 

The. Strip Siji^fm. 

The system partakes of the character of the compartment 
system carried out on small compartments ; the danger of 
failure over a large continuous area is avoided, and the 
shelter-wood is less liable to be blown down, but the 
operations are less concentrated. 

(\ The Grmq) System, 

(1.) The drawbacks are, that the operations are scattered 
over a larger area at one and the same time, rendering super- 
vision more difficult and the transport of the material more 
expensive. 

(2.) The principal advantages of this system over the 
compartment system are : — 

(a.) It insures a more complete preservation of the factors 
of the soil ; 

{h,) It affords greater security, especially in the case of 
shade bearing tender species, as regards the success 
of the regeneration, because it is carried out on 
small scattered areas at one time, so that failure 
in one does not imply failure in the others; 

(c.) Each group can be taken in hand when the most 
favourable moment for regeneration has arrived ; 

[(L) The removal of the shelter-wood causes less damage 
to the young crop, as the material can be transported 
through the parts of the wood not yet regenerated. 

(3.) In summing up, it may be said that the group system 
is in its place where the conditions oi the locality or of the 
crop change from place to place, or where extremes of climate 
prevail. It is admirably adapted for the regeneration of mixed 
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woods, as it affords excellent opportunities for securing a proper 
mixture of the several species in the new crop. 

Above all, it is speciaily adapted for the introduction of a 
more regular system of working into selection forests. 

d. Tim Selection Stjdem, 

Here the drawbacks of the group system are further inten- 
sified, without offering sufficient compensation by way of 
advantages in other respects. True, the soil is still more 
completely protected, but this is generally accompanied by 
withholding from the young growth a suitable measure of 
light. 

The system is, in Europe, confined to localities where the 
uninterrupted maintenance of a crop of forest trees is neces- 
sary for the protection of the soil against heavy rain, snow, 
wind, etc., in fact for so-called protection forests in high or 
steep mountains. It is also useful in forests of specially small 
or large extent ; in the former, if the area is insufficient for a 
regular division into compartments, and if nevertheless a 
certain quantity of timber is required annually ; in very large 
forests which are as yet in the first stage of systematic manage- 
ment, such as many of the forests of India. It is also prac- 
tised, generally in a rude form, where the demand for produce 
is as yet much below the supply. 

B. Natural Regeneration from Adjoining Woods. 

After the area has been clear cut, the seeding is effected by 
the seed falling from mother trees, which do not stand on the 
cleared area, but alongside of it. 

The points which demand attention are the conditions of 
success and the merits of the system. 

1. Conditions of Success, 
a. Sufficient Seeding of the Area. 

The agencies which carry the seed on to the area are air 

currents, and in some cases water, or the seed may roll by its 
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own weight down a slope. When air currents are the caiu\ying 
agency it is necessary that the seed should be sufficiently light, 
and that when it falls the wind should blow from the right 
direction. In this respect the species, the force of the air 
current, and the relative position of the regeneration area and 
the mother trees are of importance. The seed of some species, 
as poplar, is so light that it travels for miles, while that of 
others falls straight to the ground. Grayer gives the following 
distances for a number of species under the influence of a 
moderate air current. 

Birch, elm, larch, 4 — 8 times the height of the trees. 
Spruce, Scotch pine, 

alder .... 3 — 4 ,, „ ,, 

Maple, ash, horn- 
beam .... 2 — 3 ,, ,, ,, 

Lime, silver fir . . 1 — 2 ,, ,, ,, 

Beech and oak, scarcely beyond the reach of the crowns. 

In the case of strong winds the distances are proportionately 
greater ; instances can be seen in Scotland where Scotch pine 
seed has been- carried to many times the distances given above. 
The distances are also greater, if the mother trees stand at a 
higher elevation than the regeneration area. 

The direction of the wind during the fall of the seed intro- 
duces a great element of uncertainty, as it can only in rare 
cases be relied on, 

A further complication may arise if the seed should fall 
during the prevalence of a dry east wind, while, for other 
reasons, regeneration should commence in the east and 
gradually proceed towards the west. 

h. Suitalle Condition of the G&rminating Bed, 

This has often to be provided by working, or wounding the 
soil. Where the roots of the trees are grubbed out the soil is 
sufficiently stirred, but where the stools remain in the ground 
working may be necessary. 
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c. Security ayaimt ejcternal Lanyers, 

Th6se ar© chiefly frost, drought, and a growth of weeds. 
Some protection will be given by the adjoining wood, but the 
amount depends on the breadth of the area under regeneration 
at one time, and the relative position of the mother trees. 

(h Extent of the Olearmy. 

The smaller the regeneration area is, the more satisfactory 
will be the results. On large areas a period of 10, 20, or more 
years may be required to complete the new crop, which will 
be very uneven, and in the majority of cases artificial sowing 
and planting has to step in. 

The chances of success are much greater if the regeneration 
area has the shape of a narrow strip running along the edge 
of the mother trees. The breadth of such strips should not 
exceed the height of the mother trees, so that the area may 
be quickly and fully stocked, and better protection provided 
for the young crop against climatic dangers ; the soil keeps 
also fresher. 

Such protection is further increased if successive clearings 
do not adjoin each other, but are separated by older woods. 
Sometimes the clearings represent patches situated in the 
middle of old woods. Arrangements of this kind lead, how- 
ever, to a very complicated system of management ; hence 
they occur only where groups of trees have been thrown by 
wind or snow, or killed by insects. If patches are cut 
purposely, they often lead to the group system described 
above. 

2. Merits of the System. 

Owing to the uncertainty of the seeding and the injuries to 
which young tender plants are exposed, the system can be 
recommended only under favourable conditions of the locality 
and in case of hardy, quick growing species. Damage by 
insects, especially the cockchafer, Hylesinus, and Hyluryus, 
further narrows the limits of applicability. 
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Section IL — Natural Ebgenbration by Shoots and 
Suckers. 

It has been explained in Part I.,* that woody plants can 
reproduce themselves by means of shoots, or suckers, or both. 
Shoots may spring from the stool, after the tree has been cut 
over close to the ground, or from the stem and top, if the 
cutting is restricted to the side branches and the upper part 
of the stem. Accordingly a distinction may be made between 
regeneration from the root, stool, or stem. Of these, repro- 
duction by stool shoots is by far the most important, but as in 
many cases' it occurs in conjunction with reproduction by 
suckers, the two will be dealt with together. 

1. Regeneration hy Stool Shoots and Suckers. 

As already stated, regeneration follows the cutting over of 
the trees. Where stool shoots are wanted, the cutting over 
takes place close to the ground, followed by a clump of 
shoots which spring either from adventitious buds formed 
on the callus near the edge of the cut, or from dormant 
buds on the neck of the stool. A similar mode of cutting is 
employed where both stool shoots and suckers are wanted. 
If only the latter are desired, the stump may be removed, and 
only the roots left. 

The success of this system of regeneration depends on many 
things, of which the following, require special attention. 

a. Species. 

Of the species growing in temperate Europe only broad 
leaved trees and shrubs are adapted to the method, and even 
amongst these great differences exist in regenerative power.t 

1. Age of Wood at Time of OiiUing. 

Generally, reproduction is most powerful during youth up 
to the period of principal height growth, and under favourable 

* See page 67. f See page 67. 
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iucumstances for some time beyond it. Hence the wood must 
be cut over for the first time at a period not beyond the end 
of the principal height growth. After that, the rotation 
depends on the required description of material (firewood, 
hop poles, bark of a certain quality, etc.), and the time up to 
which the stools are capable of vigorous reproduction. 

The increment of coppice woods is also greatest during the 
first few years after cutting, which may be another I'eason for 
the adoption of short rotations. On the other hand, small 
material has of late years so much sunk in price, that the 
\voods are frequently allowed to grow until they are capable of 
yielding small timber. 


<?. Soumhms of S/ooIs, 

Diseased stools often produce diseased shoots, though some 
species, as oak and hornbeam, are usually exempt from this 
liability ; the same holds good in the case of suckers. It 
follows that diseased stools should be removed and replaced 
by strong plants to produce fresh and sound stools. 

The longevity of the stools is closely connected with their 
health, which is principally governed by the species and the 
character of the locality. A fertile soil and favourable climate 
increase the longevity. The stools of ash, maple, birch, and 
also those of beech, are short-lived, lasting frequently not 
longer than two or three rotations ; those of oak and horn- 
beam are almost indestructible, and between these extremes 
many intermediate stages exist. 

d. Manner of UatHnfj. 

The cut produced by the removal of the stem is exposed to 
the effects of air, moisture and sun, which cause a deteriora- 
tion of the wood near the cut through drying up and rot, and 
tend to reduce the reproductive power of the stool. 

Although this process of deterioration cannot altogether be 
prevented, its extent and rapidit}' can be reduced by careful 
cutting. In the first place the size of the cut should not be 
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too large, in the second place it should be smooth, and finally 
it should be slanting, so that water may not rest on it 
(Pig. 79). In the case of large shoots, the cut may be given 
a slope from the centre to two sides, or it may receive the 
shape of a cone (Pig. 80). The cut should on no account slope 
inwards (Pig. 81) ; it should be made with a sharp billhook or 
axe, and not with a saw. If the latter is unavoidable, the cut 
should be given a smooth surface with a billhook, axe, or 
knife. Another important point is that the bark should not 
be severed from the wood around the edge of the cut. 

The height from the ground at which the tree is cut over 
also influences the success. Except where inundations are 
feared, it is preferable to cut close to the ground, and there is 
less corky bark on the root neck ; besides, if the shoots appear 



Oaoil. Good. Bad. 

Fig. 79. Fig. 80. Fig. 81. 


low down, at or a little below the surface, they are more likely 
to develop independent roots, and thus ensure greater 
longevity of the stool. 

In southern countries, where the sun may dry up the stools, 
it may be necessary to cut below the ground, or to cover up 
the stools with earth. 

e. Season of Gidtintj. 

The best season of the year for cutting is a few weeks before 
the buds begin to swell. ' Various circumstances may, how- 
ever, prevent this being done, such as an insufficiency of 
labour, the necessity for peeling the wood, etc. Where labour 
is not available to do the whole cutting at the most favourable 
period, a part must be done (in Europe) in the autumn ; this 
has the drawback that frost during winter frequently separates 
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the bark from the wood of the stool, or that the stools are 
killed outright. Again, stools which were cut over in autumn 
send out shoots somewhat earlier in spring, and thus render 
them more liable to be injured by late frosts. 

Where the principal object is to obtain bark for tanning, 
the cutting must be done during the full flow of the sap, that 
is to say, in temperate Europe, in May and the beginning of 
June. 

/. Staiulmih. 

The reproduction is most complete if the wood is clear cut ; 
the more standards are left, the less favourable will be the 
crop of shoots and suckers. 

2. Reproductimi by Stem Slioote, or PollanUiu/. 

Pollardinfi consists in the removal of the crown of a tree, 
either leaving the main stem intact or cutting it off at a 
certain height from the ground ; in the latter case the system 
is frequently called topping. The branches may be cut off 
close to the main stem, or at a short distance from it, the 
latter method being preferable. New shoots spring from the 
cuts, and these are again cut after one, two, or more years, 
according to the desired size of the produce. 

What has been said above regarding species, health of the 
mother trees, and manner and season of cutting, holds mostly 
good also as regards pollarding. The system is chiefly 
employed in the case of willows and poplars; the former 
yield materials for basket work, fascines, hurdles, etc., and 
the latter firewood and small slicks for domestic use. 
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CHAPTEE IV. 

FORMATION OF MIXED WOODS. 

The various methods of forming a wood described in the 
previous chapters of this part are applicable to both pure 
and mixed woods. There are, however, certain peculiarities in 
the formation of mixed woods, which it will be necessary to 
indicate. As the number of possible mixtures is very large, a 
separate reference to each is impossible. It must suffice to 
deal with them in the following groups : — 

1, Formation of even aged woods, or in which the ages of 

the species in mixture differ so little that they may, for 
practical purposes, be considered as even aged. 

2. Formation of mixed woods consisting of trees of uneven 

age, such as high forest with standards, two-storied 
high forest, etc. 

1. Formation of Even Aged Mixed Woods. 

In Part I. of this volume (page 74), it has been explained 
that in order to preserve mixtures in which the species are of 
the same age, the latter should show nearly the same rate of 
height growth throughout life. Whenever this is not the case, 
any species sensitive to cover and likely to be outgrown by 
associated species must be given a start, while the latter must 
be capable of bearing the shade of the former. In the absence 
of these conditions the species must be separated, and the 
utmost which can be done is to place them in alternating 
groups. Even then there is no certainty that in regenerating 
such a wood the new crop will show the desired mixture. 
At any rate it will be clear that the regeneration of such 
woods requires constant attention, lest one species should 
oust another. 
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a. Sotuinff and Plantmj in OJmr Guttings. 

Sowing can be done by mixing the seed of two or more 
species, or by sowing one over the other, either direct or 
crosswise. The second method must be followed whenever 
the seeds require a different covering, that which requires 
the deeper one being sown first. Another method is to sow in 
alternate strips. Such sowmgs are rarely made nowadays, 
but recourse is had to planting, as it permits the mixture 
being arranged in any way which may be desired. The 
species may alternate by single plants, or by lines, or 
strip- or group-wise. Again the proportion of one species 
to another can be absolutely fixed. Planting in groups is 
specially indicated where the conditions of the soil change 
from place to place, as each patch can receive the most suit- 
able species. The size of such groups depends on circum- 
stances ^ if it exceeds a certain limit, the wood can no longer 
be considered mixed — it becomes a series of pure woods. 

Where a light demanding species is to be mixed with a 
shade bearer, the former can be given a start of a few years, 
instead of arranging the mixture by groups. In such cases 
the mixture is frequently arranged by lines, the light demand- 
ing (and generally hardy) species being planted first in alternate 
lines, and the shade bearing species (generally tender in early 
youth) afterwards in the intermediate lines. 

Another way of giving one species a start over another is to 
put in plants of different ages. 

In some cases one species is raised with field crops, while 
the other is planted in, when the cultivation of the field crops 
has ceased. 

Formerly it sometimes happened that one species was raised 
by sowing and the other by planting, biit this is rarely done 
nowadays. 

b. /SoiHng and Planting vuulm- S/telier-woods. 

This method is followed in the case of species which are 
tender during youth, especially in respect of frost. 
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If an old wood exists, and a new naixed wood, consisting of 
a tender and a hardy species, is to be created, the former may 
be sown or planted alone under the shelter-wood ; then, when 
the shelter- wood is no longer required, it is removed, and the 
second, hardy species planted in. This method is followed, 
for instance, where beech is to be mixed with Scotch pine or 
larch. 

If no old shelter- wood is available, then the hardy species 
is cultivated first, and when it has advanced sufficiently to 
provide the necessary shelter, the tender species is intro- 
duced. In this way Scotch pine, larch and birch are planted 
to serve as shelter- woods (nurses) for beech, silver fir, and oak. 

c, Natural Regeneration under Shelter-woods, 

In regenerating a mixed wood it is of first importance that 
the shelter- wood should be composed of trees of the several 
species in such proportion as to secure the desired mixture in 
the new crop. In determining that proportion the relative 
reproductive power of the species must be taken into con- 
sideration, more especially the size and quantity of the seeds, 
the frequency of seed years, the height growth of the species 
in early youth, and its capacity of bearing cover ; its degree of 
hardiness, the nature of the germinating bed, &c. 

Already during the last thinnings the cuttings can be so 
arranged as to lead to a proper proportion of the mother trees. 
This process is continued, and if possible conipleted, during 
the preparatory stage. Under any circumstances it must be 
completed by the seeding cutting. 

In many cases a great difficulty arises from the fact that 
the several species do not seed in the same year. In such 
cases the seeding cutting must be made, when that species 
seeds which is to form the bulk of the new crop, or which is 
the more difficult to rear ; the other species, if they have 
not produced a sufficient proportion of seedlings beforehand, 
or fail to do so within a few years afterwards, must receive 
artificial assistance. 
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The arrangement of the cuttings during the final stage 
depends on the requirements of the new crop in the several 
parts of the wood. Where conflicting interests present 
themselves, those of greater importance must prevail. 

The trees to be left for the final cutting should belong to 
the most wind firm species, to that which is most likely to 
increase rapidly in size and value, and if possible to one with 
a thin crown. 

The above remarks show that it is in many cases a difficult 
task to guide successfully the process of regeneration in a 
mixed wood ; hence a method should be chosen which reduces 
the difficulties to a minimum. With this end in view the 
several species may be brought together in groups, each of 
which can be treated in the manner best adapted to the par- 
ticular species. If this should be found insufficient, the 
following method must be adopted : — 


i(. Natural Ergeneralhii comUned uith Sowing and PlunliiKj. 

Natural regeneration alone rarely leads to the desired result ; 
only parts are successfully stocked, and sowing and planting 
must step in to complete the business. In applying this 
method it must be remembered that generally the more 
favourable parts of the area become naturally stocked, 
leaving the inferior spots blank. If only the latter were 
filled up by sowing or planting the species which is deficient 
in the naturally regenerated patches, it would be relegated to 
the bad spots, while the other species would occupy the better 
parts ; hence it is necessary to plant a proper number of the 
artificially reproduced species also within the patches already 
naturally regenerated. 

This method is much used in Europe in the formation of 
mixed woods of beech with oak, ash, sycamore, and other 
valuable timber trees. In fact it is the best method for such 
mixtures. The valuable species are generally introduced by 
putting in strong plants ; sowings are also done in the case of 

H. 3 
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shade bearing species, or where the species are arranged in 
separate groups. 

Another instance is the regeneration of silver fir and spruce 
woods in the Black Forest. There silver fir is favoured during 
the regeneration process, and if an insufficient number of 
spruce plants has sprung up, it is afterwards increased by- 
planting. 

2. Formation of Mixed Woods oj Uneven Age. 

It has been shown that the preservation of the mixture is 
difidcult, when the trees are of the same age, or nearly so, and 
that it requires constant care and attention, lest one species 
should be suppressed by another and disappear. Such unre- 
mitting attention cannot always be given, apart from the 
expense which it involves. Endeavours have been made, 
therefore, to devise a method of mixing species which is less 
dependent on constant attention, and this has been found in 
giving to the mixed species a greater difference of age. Such 
an arrangement causes a considerable difference in the ages of 
the component parts of the wood. Each of these requires to 
be regenerated at its own time, so that the process of regenera- 
tion is gone through several times in the course of one rotation, 
one part of the wood being regenerated on each occasion. 

Many varieties of mixed woods of uneven age have been 
evolved, each of which corresponds, more or less, with a 
distinct sylvicultural system. Of these the following claim 
attention : — 

(a.) The group and selection systems. 

{h.) High forest with standards. 

(c.) Two-storied high forest. 

(d.) Mixed coppice with standards. 

a. The Group and Selection Systems. 

Under the group system the regeneration of a wood extends 
over a period ranging up to 40 and even 50 years. By first 
regenerating the groups consisting of the threatened species. 
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they can be given a start up to 30 or 40 years. After these have 
been regenerated, the groups consisting of the threatening 
species are taken in hand. Taking, for instance, a mixture of 
light demanding and shade bearing species, such as oak, larch, 
or Scotch pine, with beech, silver fir or spruce, operations 
commence with the groups of the former, and are brought to 
a close by a regeneration of the latter. 

Again, in a mixture of shade bearers onl}^ such as beech, 
silver fir and spruce, the last mentioned is likely to outgrow 
the beech and also the silver fir ; hence a sufficient number of 
groups of beech and silver fir are first established, and then 
the groups of the spruce. 

In the case of selection forests the differences in age are still 
greater, and much can be done on the lines indicated above, 
to protect the threatened against the threatening species. 

I, High Forest with Standards. 

If such woods are mixed, the threatened species are selected 
for standards, if otherwise suitable for the purpose ; it is 
essential that the rotation should not be very high, otherwise 
the future standards may suffer before the end of the rotation 
has been reached. 


c. Tivo^storied High Forest 

It has been explained in Part I., page 103, that when a high 
forest has run through part of the fixed rotation, a portion 
of the trees are removed, and a new crop is introduced, which 
grows up between the trees remaining of the first crop, the 
two being allowed to run through an additional whole rotation. 
The difference between the two crops ranges, as a rule, from 
20 to 60 years- Here then is an excellent opportunity of pro- 
tecting a threatened against a threatening species, the first 
crop consisting of the former, and the second of the latter. 
In Europe the system is much adopted for the production of 
large-sized oak, larch and Scotch pine, also ash, maple and 
others, which at a certain age are underplanted with beech, 
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silver fir, spruce, hornbeam, sweet chestnut and hazel. This 
underplanting had best be done in the case of larch at the age 
of 10 to 20 years, of Scotch pine at 20 to 40 years, and of oak 
at 30 to 50 years or even later. 

(1. Mixed Coppice with Standards, 

This system offers, in the regeneration of the over wood, the 
greatest latitude for the protection of threatened species, 
whether in single trees or in groups. Although some of the 
standards may regenerate themselves naturally, the greater 
part are produced by planting strong plants where mature 
standards have been removed. 
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CHAPTER V. 

CHOICE OP METHOD OP PORMATIOH. 

The choice of method depends on numerous considerations, 
such as the sylvicultural system, species, soil, climate, external 
dangers, labour, cost, etc. To attempt a detailed exposition 
of these matters in reference to the several methods would 
not lead to any practical result, since, after all, the choice 
depends on the local circumstances of each case. A few 
remarks regarding the main groups of methods may, however, 
not be out of place. These main groups are : — 

(1.) Direct sowing, 

(2.) Planting. 

(3.) Natural regeneration by seed. 

(4.) Natural regeneration by shoots and suckers. 

Of these the last-mentioned method refers almost entirely 
to coppice woods, worked under a short rotation ; it is not 
employed where woods are treated under a high rotation, 
because in very rare instances only do coppice shoots reach 
the same size as seedling trees. 

The questions which interest the sylviculturist most are — 

(1.) Whether to sow direct, or plant on cleared areas. 

(2.) Whether to regenerate existing woods artificially, or 
naturally by seed. 

(3.) Whether or not combinations best meet the objects of 
management. 

These three questions, then, will be shortly discussed in 
the following pages. 
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Section I. — Choice between Direct Sowing and Planting. 

Formerly tlie artificial formation of woods was chiefly 
effected by direct sowing, planting being restricted to special 
cases where the other method was not likely to succeed. The 
reasons for this were, that sowing was considered to be more 
certain and cheaper, since it was generally the custom to use 
too large transplants. In the course of time the raising of 
plants was elaborated, smaller plants were used and the 
expense considerably reduced, so that now far more planting 
than direct sowing is done. Yet it is not always a foregone 
conclusion that planting is better or more suitable than direct 
sowing, since many differing conditions and factors affect the 
ultimate results. The effect of some of these factors is as yet 
somewhat obscure, but in many respects experience has taught 
the forester, which of the two methods is preferable under a 
given set of conditions. The points of view from which the 
choice of method may be approached are manifold, and 
amongst these the following deserve attention : — 

(1.) Objects of management. 

(2.) Desired sylvicultural system. 

(3.) Selected species. 

(4.) Conditions of locality. 

(5.) External dangers threatening the young wood. 

(6.) Quality and quantity of available labour. 

(7.) Cost. 


1. Objects of Maiu({ie)itent. 

The objects of manageunent are shortly indicated on 
pages 1 and 2, and it will readily be understood that, 
according to circumstances, either planting or direct sowing 
may more completely meet them. 

Where landscape beauty is the object aimed at, few foresters 
would think of adopting direct sowing; where time is an 
object and expense of minor importance, the planting of 
strong transplants would be most suitable. If the object of 
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management centres in the production of the greatest possible 
quantity of small material, with the least possible outlay, 
direct sowing would probably yield better results than plant- 
ing. Again, for the production of clean timber trees sowings, 
with their greater density, in many cases may be more suit- 
able than planting, unless the latter be very close and thus 
involve a considerable outlay. 

Economy in working is one of the leading requirements in 
sylviculture. In this respect either sowing or planting may 
be preferable, according to circumstances ; experience, how- 
ever, shows that where plants of good quality can be raised 
at a reasonable outlay, planting yields higher and more 
valuable returns than direct sowing, if time be taken into 
consideration. 

Where the land is required for pasture or grass-cutting, 
planting is decidedly preferable, as cattle can be admitted 
at an earlier age, while grass-cutting can be commenced 
at once. 

2. Sylvicultural System. 

The formation of woods to be treated under the pollarding 
system, and of osier beds, is best effected by planting. The 
same may be said of ordinary coppice woods and the produc- 
tion of standards in coppice. In ordinary seedling forests, 
either method may be adopted. 

3. Species. 

The species affects the choice of method in various ways. 
In the first place many species produce seed abundantly only 
at irregular and often long intervals ; hence continuous opera- 
tions can be carried on only by planting, as the production of 
nursery plants requires comparatively small quantities of seed, 
and this, if necessary, can be obtained from a distance. By 
keeping a quantity of reserve plants in the nursery, seedless 
years may be tided over without interrupting the work. 

Species, the seed of which germinates with difficulty or 
slowly, or the seedlings of which are tender in early youth, 
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should be propagated in the case of clear cuttings by planting 
and not by direct sowing. In such cases it is much easier 
and cheaper to provide the necessary tending and protection 
in a compact nursery than on an extensive forest block. Under 
shelter-woods direct sowing may be preferable. 

Hardy species, which grow slowly during youth, should be 
planted ; those of fast and early development may be sown 
direct, if this be desirable on other grounds. 

The shape of the root system is also of importance. Species 
which develop a compact and comparatively shallow root system 
are much easier to plant than those which at once develop a 
deep going tap root ; for the latter, direct sowing may be advis- 
able. Long tap roots, however, may be pruned, or the seedlings 
raised in such a manner that they are forced to develop a 
compact root system ; at the same time either alternative may 
be of doubtful expediency. 

Mixed woods should be established by planting, as a proper 
mixture of the species is rarely practicable by direct sowing ; 
at any rate some of the species must be planted. Frequently 
it is desirable to give one species a start over another, and 
this can be done in a satisfactory manner by the use of large 
plants. 

In the case of some species, as for instance oak, many 
foresters maintain that direct sowing gives more vigorous and 
better trees, but this depends to a large extent on the soil and 
climate, and also on the size of plants used. 

If sowing of acorns is not advisable for other reasons, the 
planting of one or two years old oak seedlings close together 
is likely to yield just as good oak trees as direct sowing. 

4. Co7iditions of Locality- 

As a general rule it may be said, thajj planting is preferable 
whenever the conditions of the locality are unfavourable, 
especially where extremes of soil and climate prevail, while in 
a favourable locality direct sowing may yield equally good, 
and in the case of some species even better, results. 
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Unfavourable localities are those with a wet, occasionally 
inundated, or very moist, heavy, cold soil ; excessively loose, 
dry, or poor soils ; those subject to be overrun by a heavy 
growth of weeds, or where frost lifting may be expected. 
Similarly, planting is far preferable to direct sowing where 
extremes of climate prevail, such as in raw, frosty, exposed 
localities. 

On steep slopes planting is also preferable, but in very 
stony soil direct sowing may become a necessity. 

5. External Dangers, 

Seeds, as well as young seedlings, are subject to attacks by 
various animals, against which they can be more effectually 
protected in a nursery than in the forest ; hence, on this 
account, planting is preferable to direct sowing. As regards 
attacks by insects, it is an open question which of the two 
methods is preferable. As long as only thoroughly healthy 
plants are used and put out with care, they may hold their 
own and even do better than seedlings in direct sowings ; but 
weak plants, or those which have difficulty in establishing 
themselves quickly in their new home, are more subject to 
attacks by insects than seedlings grown in situ. The same 
often holds good as regards attacks by fungi. 

6. Labour. 

Unless direct sowings necessitate a thorough working of the 
soil, they require less labour than planting. Where labour 
is scarce direct sowing, therefore, may prove to be cheaper. 
Planting also requires more skilled labour than direct sowing. 

7. Cost. 

Whether direct sowing or planting is the cheaper method 
depends on the price of seed, the extent to which the soil has 
to be worked for direct sowings, and the cost of plants. Direct 
sowing is generally cheaper, but if seed is expensive and 
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small plants can be utilised, jilanting may be the less costly 
method of the two. 

Section II. — Choice between Artificial Ebgeneration and 
Natural Ebg-eneration by Seed. 

Sowing and planting can be done under the shelter of the 
old wood, or it can follow a clear cutting ; natural regenera- 
tion can be done under a shelter- wood, or on cleared areas of 
moderate breadth by seed coming from an adjoining wood. 
The differences between the two shelter-wood methods are 
small, while they are considerable between the clear cutting 
and shelter-wood methods. The following remarks refer 
chiefly to the latter case. 

1. Merits of Artijicial Eegeneration. 
a. AdvanfacjBs, 

(1.) Artificial regenei'ation is independent of the local 
occurrence of seed years, since sufficient seed for nurseries, 
and frequently also for direct sowing, can always be obtained 
from a distance. This being so, the adoption of the method 
enables the forester to proceed in a systematic and regular 
manner, doing the desired quantity of regeneration year 
after year, and providing the market with a steady supply 
of produce. 

(2.) The full enjoyment of light can be secured at once to 
young trees which are hardy. 

(3.) The trees develop more rapidly than those originating 
by natural regeneration, at any rate up to middle age. 

h. Disadvantages, 

(1.) Sowing and planting are costly. The outlay on the 
latter can, however, be considerably reduced by planting 
small plants according to a simple and cheap method. 

(2.) Where artificial regeneration follows clear cutting, the 
young plants are exposed to damage by frost, drought, insoetB 
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and weeds in a far higher degree, than if the regeneration is 
conducted under a shelter- wood. In fact, tender species must 
be raised in the latter way, so that for them clear cutting is 
excluded. Insects frequently become formidable to coniferous 
woods raised in clear cuttings, while experience has shown 
them to be less dangerous to natural seedlings, especially 
when these are raised under a shelter-wood. 

(3.) In the case of clear cuttings, the laying bare of the 
ground for a series of years may seriously affect the fertility 
of the soil, so much so that the method is hardly admissible 
on inferior soils. 


2. MeriU of Natural Regeneration hy Seed, 
a. Advantages, 

(1.) Natural regeneration involves less expenditure than 
sowing or planting. In some cases the outlay may be abso- 
lutely nil, but in most cases some artificial help has to be 
given either by working (wounding) the soil, or by sowing 
and planting. Still the outlay is considerably smaller. It 
must not be overlooked, however, that in the majority of 
cases natural regeneration requires much time ; as long as 
the shelter trees increase sufficiently in size and quality so as 
to make up for any loss on this account, no harm is done, 
but where this is not the case, artificial regeneration may be 
actually more profitable, since no loss of increment occurs. 

(2.) Damage by frost, drought, and weed growth is avoided, 
or at any rate considerably reduced. The same may be said 
as regards damage by insects, though perhaps not to an equal 
extent. 

(3.) The activity of the soil is maintained, and, to a 
considerable extent, rendered independent of climatic 
influences. 

(4.) Owing to the greater number of plants per unit of area, 
clearer and straighter stems are produced than in plantings, 
and also frequently in sowings, .though the difference in the 
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lattei case is less decided. This advantage can be nullitied to 
a considerable extent by dense planting and sowing, but in 
that case the cost is proportionately increased. 

k Dhsadmnfaf/es. 

(1.) The method is more complicated and difficult than 
artificial regeneration ; hence it demands more skilful 
foresters. 

(2.) The intermittent nature of seed years produces many 
drawbacks as regards the equalisation of the yield and the 
control of operations. 

(3.) The removal of produce is also more expensive. 

3, Summi'iu) up. 

Neither the artificial nor the natural method of regeneration 
is the best at all times and under all circumstances ; only a 
consideration of the local conditions can lead to a sound 
decision as to which is preferable in a given case. In forming 
such a decision the forester must take chiefly the following 
points into consideration : — 

(a.) General objects of management. 

(b,) Species to be grown. 

(r-.) Condition of locality. 

{d.) Available funds. 

(e,) Skill and capacity of the staff. 

Section III. — Combination of Several Methods ok 
Formation. 

In the preceding pages various artificial and natural 
methods of forming a w^ood have been described. Each of 
these methods has special advantages under certain condi- 
tions. As the latter may, and frequently do, vary within a 
narrow extent of area, it follows that two or even more methods 
may be employed in the formation of a wood, tlms securing 
greater success and frequently a reduction of expenditure. 
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In fact, in practical sylviculture such combinations are the 
rule and not the exception. 

Of the combinations here indicated the following are of 
special interest: — 

1. Combination of Artificial Formation and Natural 
Regeneration by Seed, 

Natural regeneration assists artificial formation only in rare 
cases, but the reverse constantly happens. Natural regenera- 
tions by seed rarely are so complete that they do not require 
artificial help, which can be afforded by sowing or planting, 
generally the latter. There are always certain parts of the 
regeneration area which, for one reason or another, do not 
become stocked and have to be planted up. Then it frequently 
happens that the ruling species shall be mixed with others 
which must be brought in artificially ; or one of the species in 
a mixed wood fails to produce seed for a considerable period, 
while the other, having regenerated itself, demands the removal 
of the mother trees. 

In many cases it can be foreseen that certain portions of an 
area are unfit for natural regeneration ; these may be artificially 
stocked at once, even before the natural regeneration of the 
remainder has commenced. In other cases a part of the area 
may have been deprived of the necessary shelter trees by 
natural phenomena ; here artificial shelter- woods may have 
to be planted. 

From the above remarks it will be seen that artificial and 
natural formation may be started at the same time, or the one 
may precede the other. In all such cases, blanks in existing 
woods should be filled up with strong plants of a quick growing 
species. 

2. Combination of Artificial Formation iviih Regeneration 
by Stool Shoots or Suckers, 

This combination occurs constantly in coppice woods, where 
stools, which have died or become diseased, are replaced 
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artificially by putting in strong plants or slips, and in 
some cases by sowing seed, such as acorns or chestnuts. 
Only in rare cases are sCich stools replaced by natural 
seedlings. 

3. Comhination of Natural Regeneration by Seed with 
Regeneration by Stool Shoots and Suckers. 

This case may occur in high forest, where the seedling trees 
have been injured by frost, game, cattle, mice, hail, etc. ; it 
may then be advisable to cut them back in order to get strong 
healthy shoots. 

The combination occurs further in coppice with standards. 
Here it is desirable that the standards should be seedling 
trees, and their regeneration may be effected by the seed 
falling naturally on the ground. 

4. Combination of Artificial Formation loith Natural 
Regeneration by Seed and by Shoots. 

It occurs in coppice with standards, when a sufficient 
number of the latter cannot be obtained by natural 
regeneration. 
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TENDING OF WOODS 

When a wood has been established it will, if left undis- 
turbed by outside influences, grow on and reach maturity ; the 
individual trees will, however, enter upon a lively struggle for 
existence, and the ultimate results, in the majority of cases, 
will meet only to a limited extent the objects for which the 
wood has been established. Moreover, external injurious 
effects will make themselves felt, and further reduce the 
returns. In order to realise those objects more fully, especi- 
ally where a certain class of timber is desired, the growing 
wood requires well-directed tending from its formation up to 
the time when it is finally cut over. Care must be taken that 
the most favourable conditions for growth are secured, and 
that the development of the individual trees is so guided as to 
produce the desired results ; in other words, the forester must 
take measures to preserve the continued activity of the 
locality, and to see that the wood has throughout its life a 
suitable composition. The subject divides itself natural 
into the following two sections: — 

(1.) Preservation of the factors of the soil. 

(2.) Tending the crop of growing wood. 

It is not, however, intended to enter here in detail upon all 
the matters which contribute to, or interfere with, the desired 
result. The effects of the locality upon forest vegetation, and 
vice versd, have been dealt with in Part I. of this volume, 
while the protection of the soil and growing wood against 
injurious influences will be dealt with in a subsequent volume 
on Porest Protection. In this place only the important points 
will be shortly indicated, with special reference to the sylvi- 
cultural aspect of the subject. 

In order that a crop may be fully productive, it is necessary 

s. 
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to establish and then to preserve those physical and chemical 
conditions of the soil on which a healthy and vigorous growth 
depends. The means adopted in agriculture for this purpose 
are working the soil and manuring. Both are expensive, and 
in sylviculture they are only feasible in cases where the 
increased returns at least cover the outlay ; they are therefore 
either out of the question, or can be employed only to a very 
limited extent, and the foi^ester must endeavour to accomplish 
what is needful by other means. Fortunately timber trees 
are far less exacting than field crops, so that the more modest 
means at the disposal of the forester suffice for their healthy 
development. 

It has been shown on page 34 that the productive power of 
the soil in sylviculture depends on : — 

(1.) A sufficient depth ; 

(2.) A suitable degree of porosity ; 

(3.) „ „ „ moisture; 

(4.) ,, chemical composition. 

For sylvicultural purposes these conditions can be procured 
to a sufficient extent by the following simple agencies : — 

(a.) The preservation of a suitable cover overhead ; 

(b.) The preservation of the natural covering of the soil, 
more especially of humus. 

How these affect the soil has been described on page 41. 
The principal fact is, that the activity of the soil and a vigorous 
development of the crop growing on it are intimately con- 
nected with each other, and that one exercises a healthful 
effect upon the other. At the same time the requirements of 
the one may be opposed to those of the other, and it must be a 
leading principle that the tending of the crop should always 
take into consideration a proper preservation of the fertility 
of the soil. 

The above remarks refer to the case of woods which are 
fully stocked, in other words, crowded woods. Cases may 
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occur, however, where it is desirable to interrupt the leaf 
canopy at a certain age so as to form open woods ; in such 
cases separate steps must be taken to preserve the fertility of 
the soil. 

Again, during the first part of the life of a wood it is subject 
to special dangers, most of which disappear later on, when the 
attention of the forester must be directed to other matters. 

The subject may, therefore, be divided into the following- 
three chapters : — 

Chapter L — Tending of Woods during Early Youth. 

„ II. — Tending of Crowded Woods after Early 

Youth. 

„ III. — Tending of Open Woods for the Produc- 

tion OF Large Timber. 
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CHAPTBE I. 

TENDING- OE WOODS DDEING EARLY YOUTH, 

Young woods require special protection against external 
dangers until they can shift for themselves; they must be 
kept clean, and a proper density or composition of the crop 
preserved. Accordingly the subject will be divided into four 
parts. 

1. Protection against External Dangers. 

The details of this subject will be found under Forest 
Protection. For the present purpose the following notes will 
suffice. 

a. Fire. 

Although woods require protection against fire at all periods 
of their life, it is specially necessary during early youth. 
Protection is afforded by removing all inflammable matter, or 
clearing fire traces around the area and at suitable intervals 
in the interior. 

In addition, the area must be watched, so that any fires 
which occur may be promptly extinguished. 

1). Frost ami Ih^ought. 

Where regeneration takes place, whether naturally or 
artificially, under a shelter-wood, the latter provides the 
necessary protection against frost and drought, or, at any 
rate, insures a considerable reduction of the danger in either 
case. In cultivating cleared areas, shelter for tender species 
must be artificially provided by growing simultaneously, or 
beforehand, a special shelter-wood, or nurses. The trees 
selected for this purpose must be frost-hardy and possess a 
thin, or moderately dense crown. The best nurses in tem- 
perate Europe are birch, Scotch pine, and larch. Where 
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danger from late frost is excessive, larch, owing to its early 
sprouting, is less well adapted as a nurse, but it does very 
well in all other localities. In moist localities alder and 
willows have been similarly used. 

The nurses may be distributed evenly over the area, or 
placed in alternate lines. They are removed when the tender 
species can do without them. Frequently some of the nurses 
are retained so as to form a mixed wood. 

r. Cold Wind^, 

The effects of raw, cold winds are often more disastrous 
than frost produced locally by radiation. Where they are to 
be feared, lateral as well as vertical shelter is required. This 
may be given either by adjoining woods of sufficient height 
and density, or, in their absence, by artificial shelter belts, or 
wind breaks. These must be dense, and they should be 
established some time before the area to be protected is placed 
under cultivation or regeneration. The species of which wind 
breaks consist should if possible be evergreen, and with dense 
crowns coming close to the ground, such as spruce. 

An alternative measure consists in mixing a hardy species, 
such as Scotch pine, with a tender crop. Or the wood is 
treated under the selection system, when trees of all ages are 
intermixed on the same area. In that case, the middle aged 
and younger trees provide lateral shelter for the young growth, 
while the old trees give vertical shelter. 

In all these cases it is essential that the edges of the wood, 
towards the side whence cold winds blow, should always be 
kept as dense as possible. 

What has been said above applies not only to frost, but also 
to drought, more especially in tropical climates, where hot, 
dry winds may be even more disastrous than cold winds are 
in higher latitudes. 

d. Weeds. 

In the case of the shelter-wood systems, under regular and 
successful management, noxious w^eds and objectionable 
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species of trees, are kept sufficiently in check to enable the 
young tree growth to make its way up through them. If this 
is not the case, and in the cultivation of cleared areas, noxious 
weeds must be removed wherever they threaten to choke the 
young plants, until the latter have reached a sufficient height 
to hold their own. Heather, broom, brambles, climbing plants, 
birch, sallow, etc., may become even more dangerous than 
ordinary grasses and weeds. 

In considering the degree to which noxious plants require 
to be cleared away, it must be remembered that in moderation 
they may act beneficially, by sheltering the very young trees ; 
hence interference is not called for until they actually become 
noxious. 

e, Innecfs and FungL 

These form standing dangers to woods throughout life, 
especially where coniferous trees are grown over extensive 
areas. The measures which should be adopted to protect 
foi'ests against them are taught in Forest Protection. Several 
species of both insects and fungi are specially dangerous to 
young forest plants. It is the duty of the forester to watch 
carefully his regeneration areas, and to destroy all injurious 
insects as soon as they appear, so as to prevent the spreading 
of the evil. In many cases it is necessary to let areas lie 
fallow for a few years, until insects, which breed in the stools 
and the refuse of the old wood, have disappeared again. As 
an illustration Hylobms ahietis, the pine weevil, may be 
mentioned, which frequently becomes disastrous to young 
Scotch pine and spruce woods. In the case of attacks by 
fungi, the diseased plants should be removed and destroyed 
as speedily as possible. 

2. Preservation of a Proper Density of the Crop, 

In the majority of cases it occurs that, for one reason or 
another, some of the plants fail, thus causing smaller or 
greater blanks. All these must be filled up without loss of 
time. As long as the young crop is only a few years old, 
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reeruiting can be done •with plants of the same kind as the 
oi’iginal crop. Such plants may be obtained from nurseries, 
or, in the case of natural regeneration, they may be taken 
from places ■where the plants stand too close together. Direct 
sowing is also done, but planting with strong plants is prefer- 
able, because these have a better chance of keeping pace with 
the rest of the crop. 

If the original crop is already so far advanced that plants of 
the same species are not likely to catch it up, the recruiting 
must be done with a quicker growing species ; if this is not 
feasible, with a shade bearing species likely to stand the shade 
of the surrounding saplings. 

Sometimes a young crop of a valuable species may be too 
thin throughout the area, so that the soil is exposed, and the 
young trees are not sufficiently forced up. In such cases it 
may be useful to interplant the whole area with a quick grow- 
ing species, such as birch, Scotch pine, or larch, which remains 
until the first species has grown sufficiently to form by itself a 
complete leaf canopy. Frequently a portion of the filling 
species is retained as a permanent constituent of the crop. 

Young woods, which are the result of direct sowing or of 
natural regeneration, are frequently here and there too densely 
stocked. If no action were taken, the young trees would grow 
up too weedy and lanky ; hence some of them must be pulled 
up. Where they are not to be used for planting elsewhere, 
they may be cut off close to the ground with a knife, sickle, 
billhook, or shears. If the plants have already reached some 
size, the removal of a portipn must be done gradually, else 
the remaining plants may be bent over from being deprived of 
the support of their neighbours. 

3. Gleaniwj of Youny Woods. 

The cleaning of a young wood has for its object to remove 
in good time all growth which interferes with the proper 
development of the principal species. Such interfering 
growth may consist of stool shoots amongst a sufficient 
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number of seedling trees ; mis-shapen or spreading young 
trees ; trees which have accidentally established themselves by 
seed blown on to the area (as poplars, willows, birch), or carried 
there by animals, as sweet chestnuts, acorns, hazelnuts, and 
others. Often spruce, Scotch pine, lime, alder, and elm also 
appear where their cultivation was not intended. 

It would, however, be a mistake to remove all such addi- 
tions without distinction. Frequently they are very welcome 
in filling up otherwise thin woods; hence they should be 
removed only where they interfere with the principal species. 

It is often desirable to make several cleanings, especially 
where the undesirable growth occupies a considerable portion 
of the area, and where its removal at one time would leave 
blanks. In some cases it may be judicious to accept a portion 
of the accidental growth as a constituent of the final crop, in 
others it may serve as a shelter- wood. 

4. Preservation of a Proper Mixtihvc, 

This difficult subject must receive special attention while a 
wood is young ; much can be done towards realising it during 
the operations of recruiting and cleaning which have just been 
described, by planting into blanks those species which are 
otherwise deficient in number, or by removing an excess in 
other places. 

Again, where one species is threatened by another, the latter 
can be checked either by lopping off its side branches, by 
topping, ringing, or removing some of the trees. 

The operation demands the forester’s special attention, since 
it is much easier to produce a proper mixture at this early 
period of life than later on. 
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TEKDIITG- OF CROWDED WOODS AFTER 
EARLY YOUTH. 

When the trees, ■which compose a wood, have become suffi- 
ciently large to close up and form a complete leaf canopy, 
several sources of injury disappear. Weed growth has ceased 
to affect the trees, and dangers from frost and drought have 
been reduced to a minimum. Danger from fire is not so acute 
as during the early period of life, and in a temperate climate it 
may disappear altogether, especially in the case of broad leaved 
species. On the other hand, danger from insects and fungi con- 
tinues, while strong winds, snow and rime may break or throw 
down trees ; such damage may extend over considerable areas. 

While the forester may thus be relieved of some cares 
peculiar to young woods, they require henceforth tending in 
other and very important directions. He must now, direct his 
attention more particularly to giving to each tree that growing 
space best suited to its further development, without sacrificing 
the full activity of the soil; he must also take measures to insure 
a high technical utility to the material under production. 

The principal sylvicultural measures by which justice is 
done to the above-mentioned requirements may be arranged 
under the following three headings : 

I. Eeinoval of dead, injured or otherwise undesirable trees. 

II. Pruning. 

III. Thinning. 

Section I.— Removal oe Dead, Injueed, oe othbewise 
Undesieablb Tebes. 

In every wood single trees or groups of trees sicken or die 
from a variety of causes. Amongst these may be mentioned 
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an unfavourable soil, frost, drought, fire, hail, lightning, 
injuries to the crown, stem or roots, attacks by insects or 
parasitic fungi. Again, the crowns and stems of trees may be 
broken by strong winds, snow and rime, or single trees and 
whole groups may be thrown down. From one or the other 
of these causes there will always be found a certain quantity 
of material which, if not removed as speedily as possible, will 
stimulate the increase of injurious insects and of fungi. The 
latter have of late years been recognised as the cause of 
considerable damage to woods, since modern botanists have 
explained many important phenomena formerly imperfectly 
understood as to their origin. In this respect attention is 
invited to the ravages of Trametes radiciporda and Affaricvs 
onelleus in Scotch pine and sinmce woods ; of Trmnetes Pirn, 
Peridermmm Pini in Scotch pine woods (so-called foxy trees) ; 
Peziza (Dasyscypha) Willkommii, the larch canker fungus; 
McUlmm elafinum^ the silver fir canker fungus, the various 
species of Polyporiis on broad-leaved and coniferous trees, etc. 

Far greater, however, than the danger from fungi, is that 
from insects. Many species of the latter are apt to become 
disastrous to whole woods, extending over large areas. Most 
of these find suitable conditions for multiplying in the presence 
of dead and dying trees, refuse wood, stumps, etc. Hence it 
is advisable that all such material should be removed as 
speedily as possible. 

Where regular thinnings, presently to be prescribed, are 
cari'ied out, all dead and dying trees are removed at the same 
time. Such thinnings occur only at certain intervals, and as 
it would be detrimental in many cases to leave the dead 
material in the forest until the next thinning comes 
round, it is frequently necessary to make special cuttings 
for the purpose of removing it; these are called ^^d/rywood 
ciittinys'' or cleaniny ciitthigs.'' In carrying these out all 
valuable material should be used or sold, and the refuse, 
if possible, burned under supervision. If danger from 
insects be imminent, it may be necessary to remove the 
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stumps of trees as well, or at any rate to cover them with 
earth. 

Section II. — Pruning. 

1, Objects of Pruning, 

Where the object of management centres in the production 
of valuable timber, in other words of trees wdth long clean 
boles, it is necessary for them to lose their side branches up 
to a certain height from the ground. Trees which grow up in 
crowded woods lose their lower branches naturally owing to the 
insufficiency of light, and this process proceeds up the stem 
with the elevation of the leaf canopy from the ground. A 
great difference exists, however, in this respect between the 
various species of forest trees. Broadly speaking it may be 
said that, the rapidity with which trees lose their lower 
branches, in crowded woods, is inversely proportional to 
their power to bea.r shade. Hence, light demanding trees 
will lose their lower branches quicker than shade bearers. In 
some cases the dead branches drop quickly to the ground, and 
in others they remain for years producing knots and irregu- 
larity in the timber laid on in the meantime. Trees grown in 
the open retain their lower branches more or less throughout 
life, and they produce in consequence timber of inferior value 
as compared with trees grown in crowded woods. 

In the cases where the lower branches do not drop off 
naturally, they may be removed artificially, and this process 
is termed “ Pruning.” In sylviculture the principal objects of 
pruning are as follows : — 

(1.) Increase in value of the pruned tree. 

(2.) Freedom of younger growth from the too great cover 
caused by overhanging trees. 

(3.) To stimulate the expansion of the crown in the 
upper part of the tree. 

Branchless boles are of greater value than those with 
branches, because the timber splits better, and the scant- 
lings sawn out of them have fewer knots. In order to realise 
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these advantages pruning may be extended to the removal of 
dead branches, or to that of green ones as well. Pruning 
may exercise an additional advantage in causing the bole to 
grow more cylindrical, instead of approaching the shape of a 
cone ; in other words it may render boles less tapering. 

The second of the above-mentioned cases occurs where a 
wood consists of two or more generations of different ages, as 
in coppice with standards, the selection system, two-storied 
high forest, etc. It may also occur in young woods, where a 
slow growing valuable species is threatened by a faster growing 
one. In such a case it may be preferable to prune the latter 
instead of removing it altogether. 

Trees with many side branches, which have been subjected 
to unfavourable conditions of growth, frequently show signs 
of failing strength in the upper part of the crown. By removing 
the lower branches the vigour in the upper part may be 
restored. This case applies specially to oak standards, the 
boles of which, exposed to light after a prolonged crowded 
position, have developed epicormic ))ranches. 

2. Dangers connecied with Pruning. 

The removal of dry branches or remnants of branches is 
not, as a rule, conducive to any danger to the life or health of 
the tree, provided the operation be carried out in a careful way. 
On the contrary, it often reduces the danger from rot, because 
it facilitates the process of occlusion, or covering over of the 
wound by layers of new wood. 

Matters are different in the case of green branches. Here the 
wound caused by the removal of the branch frequently causes 
rot, because the unprotected open wound offers a fit germinat- 
ing bed for the spores of fungi ; the wound, on drying, opens 
out in rents and cracks, into which rain water may carry the 
sj)ores ; the latter germinate and cause decomposition, which 
spreads and reduces the value of the stem, or m'ay entirely 
destroy it. Several dangerous parasitic and saprophitic species 
of fungi thus enter trees. 
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It is essential, therefore, that the wound should be closed as 
quickly as possible and made impermeable to the spores of 
fungi and to water. This is effected by nature through the 
process of occlusion, provided the wound does not exceed a 
certain size. The time required for this operation depends on 
the size of the wound, the vigour of the tree, the manner in 
which the wound is made, and above all the species. 

Pruning green branches is least dangerous and objectionable 
in the case of oak and most conifers which are in vigorous 
health, provided the operation is carefully done and the wound 
does not exceed 3 inches in diameter. Oak closes the wound 
rapidly by occlusion, while wounds' on conifers exude turpen- 
tine, which protects them to a considerable extent. 

As regards other European species the evidence is at present 
conflicting. Pruning green branches of poplars, birch and 
willows is undesirable, because their wood is liable to rot 
quickly. According to Hess some of the important species 
may be arranged in the following descending series in respect 
of the activity of occlusion : — Broad leaved species ; Oak, 
beech, hornbeam, lime, ash, maple, birch. Conifers : larch, 
silver fir, Scotch pine, spruce. In the case of the last- 
mentioned species the pruning away of green branches is, 
in the opinion of most foresters, altogether undesirable. 

Under any circumstances, the pruning of green branches 
should not be undertaken without due consideration of the 
advantages which are likely to be realised and the dis- 
advantages connected with the operation; this is of special 
importance in all cases where the objects of management 
centre in the production of large sized timber, which can only 
be obtained by permitting the trees to grow and increase for 
many years after the pruning has been carried out. 

3. Execution of Pruning. 

Where the object is to produce valuable timber trees, the 
branches should in all oases be cut off close to the main stem, 
but without injuring the bark of the latter ; only in this way 
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can quick occlusion of the wound be expected. If the object 
be merely to relieve young growth of cover overhead, the 
above rule may be neglected. 

The work may be done with the knife, hatchet, billhook, 
shears, or saw. Cutting instruments produce a smoother 
surface of the wound, but, unless very carefully handled, 
injuries to the bark of the main stem are likely to occur. 
The saw produces a less smooth surface, but, if carefully 
handled, it does no injury beyond the actual cut. Heavy 
branches should first be cut oft a short distance from the stem, 
and then, by a second cut, the remaining stump should be 
removed, to ensure the production of an even cut and to avoid 
tearing the bark of the main stem. 

Saws are used, either in connection with a light ladder, or 
they are placed on poles. In the first case pruning can be 
carried out to a considerable height. Saws placed on poles 
are only effective up to a moderate height, 12 to 18 feet. 

Of hatchets, that constructed by Oourval (Fig. 82) is speci- 
ally recommended. Fig. 83 represents a pushing chisel, with 
which branches can be removed up to a moderate height. 
Fig. 84 is a bow-less saw, and Fig. 85 an ordinary hand saw. 
Fig. 86 is a saw in the shape of a bayonet fastened on a pole, 
desigired by the author ; it cuts with the downward stroke. 
Fig. 87 represents Ahler’s pruning saw, which is also fastened 
to a pole. The two last mentioned are specially recommended, 
where the use of a ladder is not preferred. 

Wounds, which are so large that they are not likely to be 
speedily closed by occlusion, must receive a waterproof cover- 
ing; this is necessary even in pruning large branches of 
coniferous trees. 

The most suitable covering consists of a layer of coal tar, 
made sufficiently fluid by an addition of oil of turpentine, and 
laid on with a brush. The artificial covering will only stick 
on when the sap is down ; hence, in temperate Europe the best 
time for pruning is autumn and the first half of winter. Dry 
branches and snags may be cut off at any time of the year, 
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provided the living tissue of the tree is not injured during the 
operation. 

According to E. Hartig pruning green branches while the 
tree is in sap causes a somewhat rapid decomposition of the 
wood near the wound. For this reason also pruning in the 
first half of winter is recommended. 

Section III. — Thinning. 

1. General. 

One of the most important objects in the formation of a 
wood is to stock the area sufficiently, so that a complete cover 
overhead may be established as early as possible. This is 
desirable, not only for the preservation of the soil, but also for 
a proper development of the trees. In order to ensure quick 
closing overhead it is necessary to bring on to the ground a 
much larger number of plants than can find room on it for 
any prolonged period. Soon after a complete leaf canopy has 
been established, the trees commence pressing one against the 
other, there is not enough growing space for all, and then a 
straggle for existence sets in. A portion of the trees outgrow 
the rest, and they rear their heads up to the full enjoyment 
of the light. Between and below them are the rest of the 
trees ; some of these still enjoy with their leading shoots light 
from above, though they are already dominated trees ; others 
have been already left behind to such an extent that they are 
actually deprived of the direct enjoyment of light, in other words 
they are suppressed ; they live on for a shorter or longer period 
according to species and other circumstances, and then die. 

Thus there are four classes of trees, namely : — 

(1.) dominating trees, 

(2.) Dominated trees. 

(3.) Suppressed trees. 

(4.) Dead and dying trees. 

This struggle, if not interfered with, continues whilst height 
growth lasts, and it gi'adually reduces the growing space of 
each dominating tree to such an extent, that the latter cannot 
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develop in the most advantageous manner ; consequently such 
trees are likely to assume a thin, lanky shape, so that they 
are frequently unable to stand upright, if deprived of the 
support of their immediate neighbours. They are liable to be 
bent and broken by wind, snow, or rime. To obviate such a 
state of affairs the forester interferes in good time by removing 
a portion of the trees ; he thins the wood. Thinnings, then, 
are cuttings, which have for their object to provide for each 
tree left standing that growing space, which is best suited for 
its further development according to the objects of manage- 
ment. It is necessary to explain this somewhat in detail. 

2. The most siiitahle Growing Space. 

As the objects of management differ, so must the most 
suitable growing space. Apart from this the growing space 
differs according to the age of the wood, the species, the soil, 
elevation and aspect of the locality. 

a. Objects of Man-cyemeiil. 

A tree growing in a free position, in complete enjoyment of 
vertical and lateral light, will develop a full crown and root 
system, and lay on a maximum of volume. This is no doubt 
a great point, but it is counterbalanced by serious drawbacks ; — 
In the first place a wood grown in this fashion does by no 
means always produce the greatest volume per acre, as the 
total production is represented by the average volume per 
tree multiplied by the number of trees per acre. Although 
each tree in a crowded wood has a smaller volume than one 
grown isolated, yet, owing to the greater number of trees per 
acre, a crowded wood may have, and generally has, a greater 
total volume per acre than one in which the trees grow 
isolated. Secondly, isolated trees are liable to suffer in height 
growth and in straightness. In the third place, such trees are 
frequently covered with branches low down, and in consequence 
they produce less valuable timber. In the ease of conifers the 
timber is also liable to be of an inferior quality, owing to the 
greater breadth of the concentric rings. Last, but not least, 
s. u 
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open woods cannot preserve the fertility of the locality ; hence 
they are only admissible on fertile localities, or special 
measures must be taken to preserve the fertility ot the soil. 

These considerations govern the most profitable growing 
space in any particular case. It is conceivable that under 
certain conditions the correct policy is to remove all dead, 
suppressed, and dominated trees, and even a portion of the 
dominating trees, while in others the dominated and even 
suppressed trees may have to be carefully husbanded, so as to 
realise the objects of management in the highest possible degree. 

h. AjiP of ^Yood, 

As the number of trees per acre decreases gradually from 
several thousands to a compstratively small number at maturity, 
it follows that the growing space increases with advancing 
age, though not evenly. Statistics collected on this point in 
Germany gave the following results for pure woods of Scotch 
pine, spruce and beech, grown on soils of first quality: — 


Age of Wood, in 
yeavs. 

Number of Trees, 
per acre. 

Mean Growing 
Space per Tree, 
lu square feet. 

l)ecrea.se in the 
Number of Trees 
during 20 Years. 

In crease of Grow 
ing Space per 
Tree, in per Cent, 

I. Scotch Pine . 
20 

40 

1,420 

720 

301 

(iO) 

700 

100 

fiO 

;47() 

1 

118 J 

BiiO 

97 

vSO 

2S0 

1 

189/ 

140 

60 

100 

170 

2561 

(iO 

35 

IL Spruce: 

20 

•10 

2,970 

1,130 

151 

39 f 

1,840 

160 

<i0 

510 

1 

85/ 

1)20 

118 

W 

310 ■ 

Ull 

200 

06 

100 

220 

1 

198 i 

90 

40 

HI. Peech: 

20 

40 

2,550 

940 

171 

46] 

1,010 

171 

()0 

423 

1 

103) 

517 

124 

KO 

249 

ITsi 

174 

70 

100 


1 

262/ 

88 

50 
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These data show that : 

(1.) The increased requirement of space is very great 
between the ages of 20 and 40 years ; it then falls 
gradually up to the age of 100 years. 

(2.) Many trees must be removed during the earlier part of 
a wood’s life, and comparatively few later on, always 
assuming that the area is to remain fully stocked. 

r. Spficm. 

Light demanding species require more space than shade 
bearers ; broad-leaved species more than conifers. 

The above table shows that the light demanding Scotch pine 
requires considerably more growing space than the shade 
bearing spruce ; the latter less than the still greater shade 
bearer the beech. 

Comparing the growing space of Scotch pine, larch, oak, 
and birch with that of spruce, beech, and silver fir, the pro- 
portion is about 100 to 65. 


d. Soil. 

Until some time past middle age the number of trees is 
larger on poor than on rich soil ; afterwards the difference 
disappears. The reason is, that the struggle for existence 
commences earlier and is more energetic on good than on poor 
soil. In this respect considerable differences exist between 
the various species. 

' Altitude. 

Under otherwise equal conditions the number of trees per 
acre increases with altitude, at any rate up to a certain eleva- 
tion. The statistics of the Black Forest for the three regions 
approximately indicated as below 1,200, 1,200 — 2,400, and 
2,400 — 3,600 feet, showed the following proportion in the 
number of trees : — 100, 126, 244. This law could not be 
established above 8,600 feet, because at that height regular 
woods disappeared. It was further noticed that the difference 
is more pronounced in the case of shade bearing species and 

u 2 
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during the earlier part of life, than in the case of light 
demanding species and later on in life. 

/. Aspect and Slope. 

Aspect in itself causes only slight differences in the growing 
space. Southern and western aspects, in the case of beech in 
the Black Forest, had up to 5 per cent, more trees than 
northern and eastern aspects. Sloping ground has probably 
the same number of trees as level ground, other conditions 
being equal. 

//. Summary. 

It may be said that the average growing space per tree 
is, apart from age, greater in the case of light demanding 
species, on good soil, and in low elevation, than under reverse 
conditions. 

In judging of the desirability and the degree of thinning in 
any particular wood the forester must take into consideration — 

(1.) The objects of management. 

(2.) The density of the crop. 

(3.) The age of the crop. 

(4.) The species. 

(5.) The character of the locality, its soil, climate, and the 
special, external influences to which it is exposed. 

3. The Theory of Thinning. 

Whatever the objects of management may be, the theory of 
thinning may be summarised in the answers to the following 
three questions : — 

(1.) At what age of a wood should thinnings commence? 

(2.) To what trees should they extend — in other words, how 
heavy should the cuttings be ? 

(3.) After what intervals should they be repeated ? 

Definite answers to these questions can be given only on 
the basis of accurate comparative statistics. The collection of 
such data is now in active progress in Europe, but "some time 
must necessarily elapse before final conclusions can be drawn 
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from them ; in the meantime, only the results of general 
observations are available for guidance. 

It has been explained above that, during the struggle for 
existence, four different classes of trees are produced, namely, 
dominating, dominated, suppressed, and dead trees, and the 
question arises in how far each of these should be interfered 
with at each thinning. It is obvious that the dead trees must 
be removed at every thinning, as they cannot influence the 
other three classes, while their presence in the wood is a 
constant source of danger from insects and fungi, and in some 
cases from fire. Whether, and to what extent, the suppressed 
trees, the dominated and dominating trees should be removed 
depends, apart from species, chiefly on the character of the 
locality and the objects of management. On fertile soils an 
interruption of the cover overhead is of comparatively small 
importance, but on inferior and even middling soils this should 
be avoided. In such cases the dominated and even suppressed 
trees, or at any rate a portion of them, must be retained 
whenever the dominating trees alone are not sufficiently 
numerous to provide a complete leaf canopy. If, on the other 
hand, the number of dominating trees is so large that they 
interfere with each other’s proper development, a portion of 
them may also be removed. 

As regards the objects of management, it suffices in 
practical sylviculture to distinguish between the following 
two cases : — ^ 

(a.) Production of the greatest quantity of material. 

{^•) „ ,, highest quality ,, 

In some cases the two objects may be realised by an 
identical treatment, in others the one demands a method 
of thinning different from that which is desirable in the 
other. 


a. Production of the ijrmUd Qmnfittj of MaleriaL 

Experience has shown that the greatest quantity is produced 
in the shortest possible time by a vigorous development of the 



294 TENDING OP CROWDED WOODS AFTER EARLY YOUTH. 


dominating trees ; so that the suppressed and dominated trees 
are only retained so long as they are required for the protection 
of the soil. 


1. COMMENCKMBNT OF ThINNINGK. 

The first thinning should be made as soon as the struggle 
for existence has commenced, that is to say, when there is no 
longer sufficient space for the proper development of all trees. 
Such early thinnings are to the interest of the dominating 
trees, which thus are enabled to lay on an extra quantity of 
wood, and to acquire a greater power of resistance against 
snow, rime and wind. In practice they are sometimes 
delayed, because their execution involves expenditure which 
may not be covered by the receipts from the sale of the 
thinned-out material. The financial loss thus incurred, how- 
ever, may be more apparent than real, as it is generally more 
than covered by the favourable development of the remaining 
trees. 


ii. Deque E of Tuinnixg. • 

A thinning is called : — 

“Light,” when only dry and suppressed trees are removed; 

“Moderate,” when, in addition, the wffiole or part of the 
dominated trees is removed ; 

“ Heavy,” when also a part of the dominating trees is cut; 
in this case the suppressed trees may be left to give 
shelter to the soil. 

In the present case, where quantity is the object, the 
thinnings should on the whole be heavy, subject to the special 
I'equirements of the species and the preservation of a sufficient 
leaf canopy. As the demands on the growing space are very 
great during the first half of life, thinnings must then be 
comparatively heavier than later on ; heavier in the case of 
light demanding and quick growing than in that of shade 
bearing and slow growing species ; heavier on good than on 
poor soil. 

Much depends on the original density of the wood ; hence, 
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direct sowings and woods resulting from natural regeneration 
generally require heavier thinning than plantings. 

iii. Rmi’ETn’toN op Thinnings. 

Thinnings should be repeated whenever they become 
necessary. The more energetic the growth, the quicker 
should the thinnings follow each other ; hence the intervals will 
be comparatively short during the first half of life, and they 
become longer with advancing age. For the rest, the length of 
the intervals depends on the species and the quality of the soil. 

A frequent repetition of the thinning should not be replaced 
by thinning too heavily at any particular time; such a 
measure would not secure the most favourable development 
of the dominating trees. 

In summing up it may be said that, where the object is to 
produce quantity, the thinnings should commence early, be 
heavy, and frequently repeated during the first half of the 
life of a wood, and be more moderate and repeated at longer 
intervals during the second half. 

b. Prnihirbioii of Hii/b-rlrm Tmbfir. 

Where the production of high-class timber is aimed at, 
quantity must to some extent be sacrificed. Trees fit to yield 
such timber must answer the following description : — 

(1.) The boles must be tall, straight, free of branches, and 
as litt’e tapering as possible. 

(2.) Differences in the breadth of the concentric rings must 
be slight. 

(3.) The timber must have a high degree of density. 

Boles free from branches and non-tapering are not produced, 
if heavy thinnings are made at an early age of the wood ; at 
any rate not in the same degree as if the wood were kept 
dense, when the lower branches are more rapidly killed for 
want of light. Pruning cannot make up for this, though it 
can do something. 

There is naturally a tendency to produce broader rings 
during youth than later on ; heavy thinning at an early age 
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increases the difference, leading to the formation of trunks 
which consist of a number of broad rings in the inner part, 
surrounded by a series of narrow ones. Such timber is for 
many purposes of smaller value than if the rings are of 
uniform breadth throughout. 

As regards the density of the timber, a distinction must be 
made between the various species. In the case of those broad 
leaved species which have the pores in the spring portion of 
the wood, broad rings indicate high density, and narrow rings 
comparatively low density; here, then, heavy thinnings are 
indicated. The same probably holds good for species which 
have the pores uniformly distributed over the ring. In coni- 
fers, however, the matter is reversed, as in their case broad 
rings usually represent low density and narrow rings high 
density; consequently heavy thinnings must be avoided, at 
any rate up to a certain age. 

On the whole it may be said that, in the production of 
high-class timber, heavy thinnings at an early age should be 
avoided. The rule here, according to which the thinnings 
are to be made, must run as follows : — 

The wood should be thinned lightly until towards the end 
of the principal height growth. Then the thinnings should 
gradually become heavier, so as to assist a selected number 
of trees by the gradual removal of all those which are inferior 
and diseased ; in other words, the thinning is then done more 
in the dominating and dominated trees than in those which 
have been left behind in the struggle for existence and no 
longer compete ; the latter, if capable of living on, may be left 
to assist in the protection of the soil or to act as wind brakes. 
This method of thinning is called “ eclaircie par le haut ” 
in French, and “ Hochdurchforstung ’’ in German. 

4. Thinning of Mixed Woods, 

In the foregoing pages the theory of thinning as applicable 
^ to pure woods has been given. Generally, the points aimed 
at are to stimulate production and to develop the most suitable 
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individuals for the final crop. In mixed woods a third con- 
sideration presents itself in the preservation of a suitable 
mixture without interfering with the maintenance of a sufficient 
leaf canopy ; this often leads to deviations from the theory as 
indicated above. 

In the case of mixed woods it may often be necessary to 
remove a dominating tree of one species, because it threatens 
to suppress a tree of another species, which must be preserved 
for the sake of the mixture. To guard against an interruption 
of the cover in such cases the dominated and even suppressed 
trees must be more carefully husbanded than in pure woods, 
until, with the advancing age of the wood, the mixture has 
been secured. Frequent and light thinnings are in such 
cases indicated. Their actual degree depends much on the 
light requirements of the more valuable species in mixture. 
The operation is facilitated if the several species are mixed by 
groups instead of by alternating single trees. 

Where a valuable timber species is mixed with a less 
valuable one, the former must be favoured from an early age, 
so as to bring it to the highest possible development, if neces- 
sary at the expense of the less valuable species. As long as 
the valuable species is of quicker growth than the other, the 
operation is comparatively simple ; but if it is of slower growth, 
all individuals of the secondary species which threaten to over- 
top it must be cut away, until the principal species is secure. 

5. Thinning of Coppice Woods. 

These thinnings are conducted according to the same 
principles as in high forest, whenever the number of shoots 
is so great that there is not enough growing space for all. 
More especially in oak coppice the quality and quantity of 
bark may be considerably influenced by leaving on each stool 
only the two or three best shoots and removing the others. 
Such thinnings are generally made in the second half of the 
rotation. In coppice with standards, such thinnings are 
frequently required to set free seedling plants growing 
amongst the coppice. 
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6. Principal Advantages of Thinnings. 

The principal advantages of thinnings are as follows : — 

(a.) They afford the means of guiding the development of a 
wood in accordance with the objects of management, 
either by producing the greatest possible quantit}^ or 
the best possible .quality of produce; in some cases 
both these objects may be combined. 

(b.) They afford the means of preserving a suitable mixture 
in the case of mixed woods. 

(c.) Danger from insects, fungi, and fire is greatly reduced 
by the prompt removal of dead and sick trees. 

(d.) They afford the means of strengthening the trees 
destined for the final crop against damage by snow, 
rime and wind. 

(e.) They yield substantial early returns. 

The returns from thinnings should not be under-estimated, 
especially where the object of management centres in the 
production of quantity. According to the yield tables of Weise, 
Scotch pine may be expected to yield the following returns 
under a rotation of 100 years : — 


Quality Class of Locality. 

Betuniu in .solid cubic foot per aero. 

Proportion 
of Inter- 
mediate to 
Filial 

Returns, in 
lior Cent. 

Iiitei’mediate 
Returns, or 
Thinnings. 

Final Returns. 

Total. 

A. — Timber and FagoU. 

I,, or best 

4,580 

8,890 

13,470 

52 

II. , or middling 

2,470 

0,030 

8,501) 

41 

III., or worst . 

510 

3,010 

3,520 

17 

B. — Timher of S bichea diameter and npimiuh only. 

I 

3,370 

8,130 

11,500 

41 

II 

1,820 

5,330 

7,150 

34 

III. . 

250 

2,420 

2,(J70 

11 


Similar information regarding the yield of thinnings in 
spruce, silver fir and beech woods will be found in Volume III. 
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7. Execution of Thinninrfs, 

The advantages of thinnings can be fully realised only if 
the operations are conducted in a careful and judicious 
manner ; in other words they must be attended to by a 
competent forester and not left to the wood-cutters. 

In young woods, which have as yet a large number of trees 
per acre, tlfinnings should generally be carried out in the 
presence of a competent forester ; only where the wood is 
absolutely uniform throughout, a sample may be prepared as 
a guidance for the workmen, and this only if the latter are 
thoroughly reliable and competent. In the more advanced 
stages of life each tree to be removed should be marked 
separately and in the forester’s presence, and this should be 
done while the trees are in leaf, so that the effect of the 
removal may be properly judged. Special care is necessary 
where valuable timber trees are to be produced, where domi- 
nating trees are to be removed, and where a proper mixture 
of species is to be preserved. 

The exposed edges of a wood should be thinned heavily 
from an early age onward, so that the remaining trees may 
retain their lower branches, and thus be trained to withstand 
strong winds. If the wood be subject to the effects of raw, 
cold, or dry, hot winds, the exposed edge should be kept as 
dense as possible, and an additional strip some distance from 
it may be kept in a similar condition. 

The best time for the execution of thinnings is winter, but 
local circumstances demand deviations from this rule. In 
high mountains they must be done in summer, as the localities 
are generally inaccessible during winter. 
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TENDIITG OP OPBIT WOODS POR THE PRODITCTION 
OP LARGE TIMBER. 

« 

1. The Theory, 

In the foregoing chapter it has been shown how thinnings 
should be conducted, if the principal part of a wood — the 
dominating trees — are to be given increased space and enjoy- 
ment of light, followed by increased increment, without, how- 
ever, interrupting the leaf canopy to such an extent as to 
affect injuriously the continued activity of the soil. Under 
this method of treatment the one aim acts antagonistically to 
the other, and it is by no means easy to conciliate the two 
interests. Hence the problem presents itself, whether the 
better portion of the dominating trees cannot be more com- 
pletely isolated, while the soil is protected by other means. 
There are other considerations which press’ the subject upon 
the attention of the forester. Under the ordinary system, as 
described above, the production of large sized timber demands 
a high rotation, and any measures which tend to reduce the 
latter must be welcome. Experience has shown that by 
isolating the trees, timber of a certain size can be produced in 
little more than half the time required under the method of 
continuously crowded woods. 

Another point is, that many, and more especially the light 
demanding, species have a natural tendency to open out, or to 
form large crowns. 

It is of additional importance that under a system of heavy 
thinnings, considerably larger intermediate yields are obtained 
early in the rotation. This, in conjunction with the more 
rapid development of the trees constituting the final crop, 
leads to more favourable financial results. 
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On the other hand, the early isolation of a portion of the 
trees has weighty drarwbacks. In the case of many species it 
affects injuriously the height growth of the trees. Then, 
isolated trees maintain their side branches low down, and even 
develop fresh ones, which for many purposes seriously reduce 
the value of the stems. In the case of conifers the quality 
of timber also may be lower, owing to the formation of 
exceptionally broad concentric rings. Isolated trees are 
further liable to form more tapering boles than those grown in 
crowded woods. Above all, in the majority of cases a suffi- 
cient layer of humus cannot be preserved, its place being taken 
by weeds. Moreover, a suitable degree of moisture cannot be 
maintained. It follows that, except on really fertile soils, 
other means must be devised to preserve the continued 
activity of the soil. This is done by the introduction of an 
underwood, or soil protection wood. But even then it is 
found that the extra diameter increment, laid on after isolating 
the trees, will hold out only on soils of some quality, while on 
indifferent soils it will, after a few years, sink back to its 
previous amount. 

The general theory of the method of treatment in the case 
under consideration rqay be shortly described as follows : — 

Commencing with the first thinnings the most promising 
trees are singled out, and these are isolated sufficiently by 
increasingly heavy thinnings, so as to permit the introductioii 
of an underwood. As soon as the latter has established itself, 
and is capable of protecting the soil, a further heavy thinning 
is made, by which the remaining trees are completely isolated. 
Subsequently more thinnings follow, as required by the 
extension of the crowns of the trees. 

The underwood can be established in a variety of ways, 
such as by sowing or planting, by natural seeding, or by 
coppicing a portion of the overwood. In some cases the 
underwood itself is allowed to grow into timber trees (two- 
storied high forest) ; in others it remains a soil protection 
wood. 
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The procedure differs considerably according to species and 
the objects of management. To meet the special requirements, 
of each case a considerable number of modifications have been 
elaborated. Some of these commence with the isolation in 
early growth, while others during the greater part of the 
rotation follow the system described in the last chapter, and 
reserve to its latter part the isolation of the 'more valuable 
trees. 

Although the treatment has been recommended for almost 
all species, it is easy to perceive that thinly crowned species, 
which are generally light demanding, are better adapted for 
the method than those with a dense crown, as the underwood 
has a better chance of thriving under the former, and doing 
justice. to the task which it is called upon to perform. In 
Britain the oak, larch, and Scotch pine have, in a rough way, 
been treated according to this method for a long time past. 
On the Continent the ti*eatment has been elaborated in 
comparatively recent times. 

2. Principal Forms of Treatment. 

These may be enumerated as follows : — 

a. Isolation of a few Selecied Trees, without Underwood. 

A limited number of selected trees are placed in a free 
position, by removing all surrounding trees which threaten to 
interfere with them. The system should be applied only in 
case the main part of the wood consists of a species with full 
crowns, and where the selected trees are of quicker height 
growth than the rest. 

To avoid loss of height growth and the retention of low side 
branches, the operation should not be commenced until 
towards the end of the period of principal height growth. 

The treatment is specially adapted to mixed woods of beech 
and light demanding broad leaved species, such as oak, ash, 
and elm. 
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b. Prolongation of the Regeneration Period under the 
Bhetter-ivood Sjjstemn. 

Woods treated under artificial or natural regeneration under 
a shelter- wood offer excellent opportunities for the realisation 
of the extra increment due to an isolated position of a limited 
number of trees. In the same degree as the shelter-wood is 
thinned out by successive cuttings, the remaining trees profit 
by accelerated increment ; the process can be further extended 
by retaining a limited number of trees for an extra term of 
years, or by prolonging the regeneration period. 

The method is specially adapted to thin crowned, wind firm 
trees. Shallow rooted trees are likely to be thrown by wind. 
The injurious effect of trees with crowns coming low down 
upon the young growth must be mitigated by pruning away 
their lower branches. 

c. Retention of tdtandaiah in High' Forest, 

A limited number of the most suitable trees are, after the 
wood has been regenerated, retained as standards for part or 
the whole of the second rotation, and in some cases even for 
a third rotation. Only wind firm species are thoroughly 
suited for such treatment, and they should moreover be thin 
crowned. The number of standards depends on the density 
of their crown and the quality of the soil; only perfectly 
healthy well-formed trees should be chosen, especially those 
which have cleared themselves of branches to some height, to 
obviate the necessity of pruning. The tending of the proposed 
standards may usefully be commenced some time before the 
end of the first rotation, as indicated under a, 

(L Isolation of Trees in GofijunvUon with an Underwood, 

A wood is uniformly thinned, and an underwood is formed 
by sowing, planting, natural seeding, or by coppicing a portion 
of the overwood. Thoroughly satisfactory results are obtained 
only if the over wood consists of thin crowned and the 
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underwood of shade bearing species. In temperate Europe, 
oak, ash, elm, larch, and Scotch pine are the species specially 
suited for the overwood, and beech, hornbeam, silver fir, 
spruce, and in some cases Douglas fir, Weymouth pine, sweet 
chestnut and hazel for the underwood. Sometimes the under- 
wood is itself allowed to grow up into trees ; in other cases, 
when consisting of broad leaved species, it is treated only as a 
soil protection wood, and is periodically coppiced. Beech 
makes the best underwood, as it bears much shade and 
improves the soil more than any other species. Silver fir 
comes near it. Hornbeam is best in frost localities. Spruce 
should be used only in fresh localities, as on dry soil it may 
cause the overwood to fall off in growth. 

Where the underwood is permitted to attain the size of 
timber trees, it is cut with the overwood ; the latter may, how- 
ever, be retained for two rotations of the underwood, thus 
producing specially large timber. 

A few remarks on the tending of the more important species 
will further illustrate the method. 

i. Oak as Oveiiwood. 

A fully stocked oak wood is, when the proper time has 
arrived, thinned rather heavily at frequent intervals, say 
every 5 to 10 years, according to the locality ; during these 
operations all trees with a tendency to lag behind are removed, 
as well as ill-shapen and diseased trees. At the age of 30 to 
60 years, according to circumstances, a specially heavy 
thinning is made and the underwood started, beech being best 
for the purpose. When the underwood has established itself, 
say 10 to 15 years afterwards, another heavy thinning is 
made, by which the remaining trees are isolated. Subse- 
quently more thinnings follow, at moderate intervals, in the 
same degree, as the oaks develop and threaten to close up 
again. 

It is estimated that in this way about 50 oak trees per 
acre can be made to reach a diameter in 120 years, which 
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in a fully stocked wood they would reach in about 200 
years. 

ii. Laiioii as OviSUWOOD. 

This being a quicker growing and shorter lived tree than 
oak, the first specially heavy thinning and underplanting may 
be done between the 15th and 30th year. The underwood 
should consist of beech. Silver fir is also recommended, but 
it grows slowly during the early part of its life. Another 
species suitable for underplanting may be found in the 
Douglas fir. Possibly Weymouth pine may answer. The 
two last-mentioned species are of quick growth. 

In this manner about 76 larch trees per acre may be 
brought to large timber size in 60 to 80 years. 

iii. Scotch Pjnk as Overwood. 

The heavy thinning and underplanting may take place 
between the 20th and 40th year. Beech is an excellent under- 
wood, but spruce is also admissible in this case. Douglas 
fir and Weymouth pine may do, where the locality is suitable. 
The last-mentioned species grow so rapidly, that they will 
reach timber size at the same time as the Scotch pine. 


iv. Otiieu Si’Bciew as Oveiwooh. 

Ash, elm and sweet chestnut may be treated in a maimer 
similar to that indicated for oak. Various other species, such 
as spruce, silver fir and beech, either pure or mixed, have been 
tried and recommended for treatment under this method, but 
it would be beyond the scope of this manual to enter into a 
discussion of the question, under what conditions and in how 
far they are suited for the purpose. 

3. Ezecvtion of the Work. 

The selection of the trees for removal must be most care- 
fully considered, as mistakes made in this respect are difficult 
to rectify. The main point is, that almost from the first 
thinning the trees likely to form the final crop are favoured 
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and trained for their ultimate purpose. They should consist 
of the best trees which are likely to develop into fine, valuable 
timber trees of large size ; to enable this favoured portion of 
the wood to reach such proportions in the shortest possible 
time, much of the rest of the wood must be sacrificed. This 
should not be done, unless the sacrifice is more than covered 
by the special excellence of the final crop, a case which can 
be expected to occur only on fairly favourable localities, 
which insure a special increment of the isolated trees during a 
considerable period of time. 
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SYLYICULTUKAL NOTES ON BEITISH 
FOREST TREES. 

The theory and practice of sylviculture, as described in this 
work, have been illustrated by instances taken from the more 
important forest trees grown in temperate Europe. For the 
sake of reference, it will be found useful to bring these scat- 
tered remarks, and other information,- together in a set of 
notes on each of the trees which are of real sylvicultural 
importance in Great Britain and Ireland. 

The trees naturally arrange themselves into two groups, 
the broad leaved and coniferous species. Of each group the 
important shade bearers have been placed first, as the notes 
on the light demanders depended on those referring to the 
former. Generally, the notes have been made as short as 
possible ; if a full account of each tree had been given, this 
part would have attained the size of a book. Apart from the 
author’s own experience, they have been derived from the best 
authorities. 

The following explanations will be useful : — 

(1.) The average specific gravity of air dried wood has 
been taken from Hess's “ Die Eigenschaften und das 
forstliche Verhalten der wichtigeren in Deutschland 
vorkommenden Holzarten.” 

(2.) By volume increment is here understood the mean 
annual production per acre in crowded woods calcu- 
• lated from the increment of the most favourable 
rotation. 

(8.) The information about insects refers principally to 
Britain. 
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1. Beech — Fagus sylvatica (L.). 
a. Utility. 

Beech yields excellent firewood and very good charcoal. 
The timber is not of much value where strength and durability 
are wanted ; it is brittle and short grained. Specific gravity, 
air dried, on an average = *74. Under water it lasts well. 
Formerly the timber was much used in machinery, especially 
by millwrights ; nowadays iron has replaced it for many 
purposes. Beech wood is still used for furniture, in carpentry, 
turnery, etc., more especially for the manufacture of chairs in 
Buckinghamshire and adjoining counties. On the Continent 
it is much used for packing cases, barrels, wooden shoes 
(sabots) and heels of ladies’ boots. It is used also for railway 
sleepers, after treatment with antiseptics. The leaves are 
used for litter, the nuts as fodder for pigs and deer ; the 
seeds yield a superior oil. The wood is rich in potash. 

1). ListrihiUon. 

It is found in temperate Europe from Norway to the 
Mediterranean, or between the 40th and 60th degree of 
latitude, also in Western Asia ; it is apparently indigenous in 
England, and found planted in Scotland and Ireland. It is a 
tree of the lower mountains and plains ; going up to about 
700 feet in Norway, 1,200 feet in Derbyshire, 4,500 feet in the 
Alps, and over 6,000 feet on Mount Etna. 

c. Locality. 

Climate . — Beech is fairly hardy as regards winter frost, but 
very sensitive to late spring frosts, which, during early youth, 
frequently injure or even kill it. It stands more shade than 
any other indigenous broad leaved species, but somewhat less 
than silver fir. It requires a fair amount of moisture in the air, 
hence it grows well in the vicinity of the sea and on northern 
and eastern aspects, while it disappears in the eastern part of 
Europe owing to the drier continental climate. It is liable to 
be thrown by strong winds, but not to any excessive extent. 
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Soil - — Beech requires a soil which is at least of middling 
depth, of a moderate degree of porosity, fresh and fertile ; it 
thrives best on loamy soils, and especially on marls, and on 
calcareous soils generally ; also on sandy soils, provided they 
are thoroughly fresh and contain water at a moderate depth 
in the subsoil. Wet soils are unsuited, and inundations fatal, 
to beech. 

il. Shape and Development 

The stem of the beech divides, as a rule, only in the upper 
part; the crown remains oval until towards the end of the 
principal height growth, when it becomes flat or rounded off 
at the top. Owing to its shade bearing power, the crown 
extends far down the stem, if grown in the open. In crowded 
woods, the crown occupies about the upper third of the height 
of the tree. 

The root system extends to a moderate depth, the tap-root 
being of no importance after the first 5 or 6 years. Beech is 
of slow height growth during the first years of life, compared 
with other broad leaved species ; when from 20 to 30 years 
old, the rate of height growth increases, so that it outgrows 
the other broad leaved indigenous species, as a rule also the 
oak, reaching an ultimate height of about 110 feet, and 
under specially favourable conditions considerably more. In 
Normandy trees up to 170 feet high have been measured. 

Spruce, silver fir, larch, Weymouth pine, and Douglas fir 
attain, under ordinary conditions, a greater height than beech, 
though the silver fir grows slower during early youth. 

The volume increment of beech is greater than that of the 
other indigenous broad leaved species, but smaller than that 
of the principal conifers. According to the latest yield tables 
the total production of timber and firewood in the course of 
100 years, on a locality of the first quality, should be, in the 
case of : — 


Silver fir 
Spruce 
Beech . 


2381)0 c' 
22180 „ 
15230 „ 


Scotch pine . 
Oak , 


13470 c' 
12730 „ 



NOTES ON BKITISH FOREST TREES. 


81 ^^ 


If grown in crowded woods, beech rarely reaches an age of 
more than 200 years ; in the open, it attains a much greater 
age. 

e. Reproductive Power, 

Beech commences producing full crops of good seed at the 
age of about 60 years ; it yields heavy crops, but full masts 
cannot be counted on at shorter intervals than 5 years, and 
often 10 to 15 years, according to local circumstances ; partial 
masts occur during the intervals. Taking both factors 
together, the reproduction of beech by seed is less favourable 
than that of most other indigenous species. 

Eeproduction from the stool is feeble, as compared with 
other broad leaved species ; it ceases after the age of 40 years, 
and the stools rarely last for more than three or four rotations ; 
it is best on marls. 

/. Characler ami Composition of Woods, 

Beech is eminently adapted for growing in pure woods, 
since it shades the soil thoroughly up to an advanced age, 
maintains and even improves its fertility, and bears much 
shade. For the same reasons it is equally well adapted to 
form the principal constituent of mixed woods. Probably no 
other species equals it in this respect. Trees like oak, ash, 
maple, elm, silver fir, Scotch pine, larch, and also spruce 
thrive best when mixed with beech ; in fact this is the case 
with almost any species which thrive on localities suitable 
for beech. 

g. Rglvmdtural Systems. 

Beech is specially adapted for high forest. It is less well 
suited for coppice woods, owing to its feeble reproductive 
power from the stool. It appears as underwood in coppice 
with standards. In high forest the rotation should range 
between 80 and 120 years, in coppice between 20 and 
85 years. 

In high forest it is grown in even aged and uneven 
aged woods ; large areas are treated as selection woods 
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(Buckinghamshire). It is the best species for underplanting 
open woods of valuable timber trees. 

7). Formdion of Woods. 

Beech is specially adapted for natural regeneration by seed 
under shelter-woods, if the cuttings are arranged in a suitable 
manner. Direct sowing and planting can also be done, but 
the young crop must be sheltered whenever late frosts and 
drought are apprehended. 

The seed ripens in October, and falls shortly afterwards, 
retaining its germinating power for about six months. Up to 
80 or 90 per cent, have been found to germinate, but it is con- 
sidei'ed good seed if at least 50 per cent, germinate. One 
pound of seed contains, on an average, about 2,000 nuts. 

Direct sowings may be made in autumn, or spring ; in the 
former ease the seeds are liable to attacks by animals, and 
the seedlings, owing to their early sprouting, to damage by 
spring frosts ; in the latter case the nuts must be kept in an 
airy place or shed, and turned over periodically (during dry 
weather towards spring it may be slightly sprinkled with 
water to prevent drying up). If sown in spring, the nuts 
sprout after four to six weeks. About 150 pounds of seed 
per acre are required for broad-cast sowings, and propor- 
tionally less for partial sowings. The nuts receive a covering 
of three-quarters of an inch on soil of middling density, some- 
what more on loose and a little less on heavy soil. 

In nurseries, the seed is generally sown in drills. The seed- 
lings may be left in the seed bed for two years, when they 
are pricked out in lines, the latter being from 12 to 24 inches 
apart, and the plants in the lines from 4 to 8 inches. When the 
plants have stood two years in the lines, being then altogether 
four years old, they are ready for putting out into the forest. 
They are usually planted in pits from 3 to 4 feet apart. For 
underplanting, two years old seedlings are frequently used. As 
a general rule, the seedlings and young plants require protection 
in the nursery against finst as well as against hot sun. 
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It is not desirable to prune beech plants. 

The process of natural regeneration under a shelter-wood is, 
on the whole, slow ; one or ruore preparatory cuttings are 
required, and if the soil be not sufficiently prepared at the 
advent of a seed year, it must be worked (wounded) ; this 
is best done by light hoeing ; the seeding cutting is compara- 
tively light, and the cuttings in the final stage are regulated by 
the character of the locality and the requirements of the 
young crop. Under favourable circumstances the whole 
regeneration period may be completed in 10 years, but 
frequently extends to 20 years and even more. 

L Tending. 

Fertility of the Soil . — Fully stocked beech woods preserve 
and even improve the fertility of the soil to a greater extent 
than any other species, owing to their dense foliage up to an 
advanced age, and the heavy fall of leaves. 

External Dangers . — Late frosts are the greatest enemy 
of beech ; during early youth they kill or seriously damage 
the plants, and even later on the tender parts of the tree 
are liable to suffer ; hence it must be raised under shelter, 
which is provided either by the old crop, or by a special 
shelter-wood of hardy species, such as Scotch pine, birch, and 
larch ; Austrian pine will also do. In natural regenerations, 
the edges of the shelter- wood must be kept as dense as pos- 
sible to afford protection against cold winds. In the culti- 
vation of blanks, artificial shelter belts must be grown some 
years beforehand, on the side whence the cold winds blow. 

Beech suffers also from drought while young. Later on it 
is more than any other species exposed to blistering of the 
bark by the sun ; the bark is also separated from the wood, if 
struck by the morning sun after a heavy night frost ; hence it 
is not well suited for standards, apart from the heavy cover 
which the tree gives. 

Storms, snow and rime are only to a limited extent hurtful 
in beech woods. 
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Cattle and game like to browse beech ; red deer, hares, 
rabbits and mice peel ofl the bark. Insects rarely do much 
damage. The leaves are devoured by lepidopterous larvae, 
especially those of Dasychira piidibunda, and Halias prasinanaj 
and sometimes the polyphagous Liparis monaclia, as well as 
by the weevil Orcliestes fagi. An aphis, Cryptococcus fagi, 
sometimes kills old trees. The freshly cut timber is liable 
to the attacks of Tomicidm, and other boring beetles. 

Of fungi, Phytophthora omnivora destroys young seedlings ; 
where it appears in large quantities, seedlings cannot be 
raised for 5 to 8 years, hence nurseries must be changed, 
or used for other species. Nectria ditissima causes canker on 
the stem, which may, however, also be the consequence of 
frost. The so-called green rot is due to Peziza ceruginosa. 

Pruning , — Beech stands pruning better than most other 
species, but it is rarely, if ever, done unless the shade injures 
other more valuable timber trees. 

Thinnings are commenced at the age of 26 to 40 years, 
according to locality ; they should be at first moderate, after- 
wards heavy. 

2. Hornbeam — Gavpiniis Betulus (L.). 
a. UHUfy, 

The hard and heavy wood is an excellent fuel, and it yields 
good charcoal. The timber is very tough, and is used in 
machinery by the millwright, for wheels, and a variety of 
other purposes. Specific gravity of air dried wood = ‘76. 
The ashes are rich in potash. The leaves yield good fodder. 

h. Distribution, 

It is found in temperate Europe up to the 60th degree 
of latitude. Indigenous in England ; planted in Scotland and 
Ireland. Goes up to 1,200 feet in the Harz Mountains, and 
to about 3,000 feet in the Alps ; generally a tree of the low 
lands and low hills. 



316 


NOTES ON BRITISH FOREST TREES. 


r. LocalUy^ 

Climate . — The hornbeam requires only a moderate tempera- 
ture, and thrives even in cold moist localities unsuited for 
beech. It is one of the most frost hardy species, but rather 
tender as regards summer heat. It stands a considerable 
amount of shade, but not so much as beech. 

It seems to require a moderately moist atmosphere, and 
prefers north and east aspects. It is to some extent liable to 
be thrown by wind, but resists snow and rime rather well. 

Soil . — Hornbeam likes a soil which is somewhat loose, of at 
least middling depth, thoroughly fresh if not moist, and 
minerally rich. As regards moisture, it stands between beech 
and ash, and in respect of mineral matter in the soil it is not 
quite so exacting as beech. Loams, sandy soils rich in humus, 
and marls suit it best ; here it attains its full development. At 
the same time it is found on dry soils, though of inferior 
development, and on heavy clay soils ,* it frequently replaces 
beech in heavy soils and in frost localities. 

d. Sha]je a'tid Development. 

The stem of the hornbeam is generally divided into branches 
comparatively low down. The general shape of the tree, if 
grown in a favourable locality, approaches that of the beech ; 
on inferior soils it sinks down to an insignificant tree, with a 
short bole and large crown. The root system on the whole is 
not deep going ; there are strong side roots which reach a 
moderate depth. 

It grows somewhat quicker than beech during the first 
years of life, but it rarely reaches a total height of more than 
75 feet. 

Its volume increment is considerably smaller than that of 
beech ; nor is hornbeam so long lived as the latter. 

e. Reproductive Power. 

Hornbeam commences bearing full crops of seed when 
about 40 years old, and it seeds plentifully almost every year, 
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at any rate every other year, so that its power of reproduction 
by seed is on the whole great. 

The reproduction from the stool is excellent; the shoots 
appear at any part which has been coppiced. The stools last for 
hundreds of years ; the tree is eminently suited for pollarding. 

/. Character and Composiiiwn of Woods. 

Hornbeam appears in pure woods in Eastern Europe, and 
also in England (Epping Forest). It is not equal to beech in 
its capacity for improving the fertility of the soil, since it has 
a lighter foliage, does not maintain a cover overhead so long, 
and does not bear so much shade ; the leaves also decompose 
more rapidly than those of beech. At the same time, it stands 
next to beech in this respect amongst broad leaved species, and 
may replace it in localities unsuited for beech. 

Hornbeam appears chiefly in mixture with beech and oak, 
but also, like the beech, with other species, but not to the 
same extent. 

y. Sylvicultural Systems. 

Hornbeam can be grown as high forest, coppice, or pollards. 
It appears as underwood in coppice with standards, and makes 
an excellent soil protection wood in open woods of valuable 
timber trees. It also makes excellent hedges. 

As high forest, it would generally be treated under a 
rotation not exceeding 100 years, as coppice from 15 to 35 
years, and as pollards from 5 to 10 years. 

h. Formation of Woods. 

Hornbeam can be sown, planted, or naturally regenerated ; 
the latter is a suitable method. Sowings and plantings do 
not require shelter. 

The seed ripens in October, and falls from that time until 
towards spring ; it keeps its germinating power for two or 
three years ; up to 80 per cent, are capable of germinating ; it 
is good seed if 65 per cent, germinate. One pound contains 
on an average about 15,000 clean seeds without wings. 
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The seed germinates only in the second spring, that is to 
say about eighteen months after ripening. The best treat- 
ment consists in bedding it mixed with sand in a ditch, 
stirring it from time to time, and sowing it in the spring 
of the second year. About 35 pounds of seed per acre are 
required for broadcast sowings ,* it requires a covering of about 

to I of an inch. 

In nurseries the seed should be sown in drills; the 
seedlings may be pricked out when one year old. Plantings 
are done with plants three years old and upwards, the plants 
being put about 4 feet apart. They stand pruning well. 
The tree can also be propagated by cuttings, which may be 
several feet long; the latter method may be employed for 
hedges. In regenerating hornbeam naturally by seed, the 
seeding cutting is much heavier than for beech, while the 
remaining shelter- wood may be removed much more rapidly, 
owing to the hardy nature of the tree. 

i. Tending. 

Hornbeam is well adapted to maintain the fertility of the 
soil, but not to the same extent as beech. It is little 
threatened by external dangers ; the tree is frost hardy, but 
during youth liable to suffer from continued drought. Inun- 
dations affect it little. Game and cattle browse the leaves, and 
mice peel the bark, which is also sometimes done by red deer. 
The damage heals, however, quickly. 

The hornbeam rarely suffers from insect attacks. The 
species infesting it are much the same as those of the beech. 
In addition, the larvae of the Winter moth, Cheimatobia 
brumata^ strip the hornbeam of its young leaves. 

Fnngi: — Exoasms carpini produces witch’s broom ; canker 
on stems and branches is produced either by Nectria ditissima, 
or by frost. 

On the whole, hornbeam woods require little tending. The 
ti'ee stands any amount of pruning. The thinnings are done 
on lines similar to those referring to beech during the first 
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half of life ; afterwards hornbeam thins out naturally more 
rapidly than beech. 


3. Oak — Qnerms (Tournef.). 

The two species of oak which will be dealt with are the 
English or pedunculate oak = QMercMs pedimculata, Bhrb., and 
the sessile-flowered o&k = Qti,ercibs sessilifiora, Salisb. From a 
sylvicultural point of view they are so much alike that they 
may be taken together, any differences being specially noted. 

a. Utility. 

Oak timber is the most valuable of the indigenous species ; 
it is heavy, hard, very durable, and splits well; it makes 
a good fuel. It is used for many purposes, in shipbuilding, 
housebuilding, implements, machinery, manufacture of casks 
(as split wood), railway sleepers, in fact for any purpose where 
a strong durable timber is required. The bark yields an 
excellent tanning material. The acorns are good fodder for 
pigs and deer, and are also used for tanning and dyeing. 
Specific gravity of air dried wood : Pedunculate oak = '76, 
sessile-flowered oak = -74. 

h. Distnbution. 

Pedunculate Oak. — ^All over Europe up to the 60th degree 
of latitude, in North Africa, and eastwards to Syria. It is a 
tree of the low lands, but goes up to 1,500 feet elevation in 
England, to 3,000 feet in the Alps, and to 4,500 feet in Greece. 
It is indigenous in England, Ireland, and in Scotland up to 
Sutherland ; it ascends to 1,350 feet in the Highlands. 

Sessile Oak. — Does not go beyond the 54th degree of 
latitude, but rises higher in the hills, up to 4,000 feet in the 
Alps, and to more than 6,000 feet on Mount Etna. Somewhat 
more a tree of the low hills than the pedunculate oak, but 
becomes a tree of the low lands in the northern part of 
Europe. 
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The pedunculate oak is much more frequent in Britain 
than the sessile oak, but the latter is common in Wales. 

c\ Localiiy. 

Climate . — Oak requires warm air ; it suffers from late frosts, 
but not so much as beech, as it sprouts later in spring ; it 
also suffers from severe winter frosts. It is a light demanding 
species, which should have its head free to the full enjoyment 
of light. It does not require much moisture in the air. It is 
more storm-firm than any other indigenous species. 

The sessile oak requires somewhat less warmth in the air than 
the pedunculate species ; hence it goes higher in mountains. 

Soil . — Oak requires a soil which is deep, at least fresh, 
warm, and fertile ; it accommodates itself to moist soil, and is 
not very sensitive as regards inundations. Fertile loamy soils 
cause its highest development, but it is also found on cla^', and 
on sandy soil if it is sufficiently moist. On the whole it is 
one of the most exacting indigenous species. It thrives better 
on southern than on northern aspects. 

The sessile oak is somewhat less exacting as regards fertility, 
and requires a little less moisture in the soil ; hence it is found 
in poorer and drier soils than the pedunculate oak. If grown 
as coppice, the oak is less exacting than if grown as a timber 
tree. 

d. Shape and Develo2ment 

The stem of the oak has a decided tendency to divide into 
strong branches comparatively low down, forming a large 
spreading crown, which becomes flat or rounded off with 
advancing age. The branches are gnarled and knee-bent. 
The root system is deep going with a strong tap-root. Its 
height growth during youth is moderately fast, somewhat 
faster than that of beech, which at middle age catches it up. 
Whether beech or oak may ultimately reach the greatest 
height depends on the locality. Generally oak does not reach 
a total height of more than 110 feet. Under specially favour- 
able conditions, as in Normandy, it grows up to 150 feet 
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high. It attains a great age, even up to 1,000 years. Oak 
reaches a large diameter. In volume increment it stands 
somewhat below beech. 

The shape of the sessile oak differs somewhat from that of 
the pedunculate species; its branches tend more upwards, 
and are less gnarled and knee bent. Its height growth is 
slightly slower. 

e. Reprndvclwa Poirer. 

Oak commences producing full, masts at an age of about 70 
years; they occur every three to six years, and are heavy. 
On the whole, the power of reproduction by seed is good. 

The reproduction by shoots is excellent ; the shoots spring 
not only from the stool, but also from the trunk. Stools 
retain the power of reproduction for a very long time. 

/. Charncin and CnmpoMMon of Woods. 

Oak is grown in pure woods, and in mixture with other 
species. Owing to the decided light requirement of the oak 
and its tendency to form a spreading crown it opens out at a 
comparatively early age, generally between the 40th and 60th 
years, when raised in crowded woods ; from that time onwards 
it cannot afford sufficient shelter to the soil, which is liable to 
deteriorate, during the long period required to produce large 
sized timber trees. Hence, oak woods should be underplanted 
when the process of opening out has set in, or the tree must 
be mixed with species capable of preserving the fertility of the 
soil. Amongst these, beech is best, then come hornbeam and 
silver-fir; spruce is less suitable, but more so than was 
formerly believed ; Weymouth pine lias also been used. 

Oak does splendidly in mixture with beech, attaining a 
great height and a clear bole of considerable length. In some 
cases the oak holds its own against the beech, but in the 
majority of cases it is liable to be outgrown ; in the latter case 
the 'oak must be protected against the beech by lopping the 
latter, or placed in groups, or given a start of the beech, by 
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planting it pure and bringing in the beech when the oak 
begins to thin out. 

Where the locality does not suit the beech, the hornbeam 
frequently takes its place ; instances are frost localities and 
sandy soils in low lands. The oak easily holds its own against 
the hornbeam. 

When oak is mixed with silver-fir it requires a decided 
start, or it will after some time be outgrown and suppressed. 

Spruce is less suited for permanent mixture with oak ; the 
two species have a different character and demand different 
conditions of locality. At first the oak grows faster, and 
afterwards the spruce. Frequently oak becomes stag headed 
when mixed with spruce. 

When grown as standards in coppice, the oak is frequently 
mixed with many other species, such as ash, maples, elm, 
birch, larch, and Scotch pine. 

Oak coppice woods grown for the sake of the bark should 
be pure, so as to obtain the highest possible returns ; if grown 
for other purposes they are frequently mixed with a variety 
of other species, such as beech, hornbeam, ash, elm, maple, 
sweet chestnut, birch, hazel, willow and aspen. 

(j. Sylvwultural Systems. 

Oak is equally well adapted for high forest or coppice, and 
for combinations of the two ; the sessile oak is perhaps a little 
more suited for coppice than the pedunculate species, because 
it is somewhat less exacting as regards fertility of soil, repro- 
duces better from the stool, and the bark is easier to peel. A 
mixture of oak in beech woods is the best system for the pro- 
duction of superior oak trees, also high forest with a soil protec- 
tion wood, or two-storied high forest ; if trees of large diameter 
and moderate height are wanted, standards in coppice woods 
answer well. 

h. Formation of Woods. 

The oak is regenerated principally by sowing and planting, 
or by stool shoots in coppice, less frequently by natural 
regeneration by seed. 
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The acorns ripen in October (pedunculate early, sessile 
late), and fall shortly afterwards; they retain their ger- 
minating power for about six months. Good seed should 
show a germinating percentage of not less than 65. One 
pound contains about 130 acorns of the pedunculate species, 
and about 160 of the sessile oak. 

Direct sowings are made in autumn or spring ; as to the 
merits of the two seasons, see the remarks under beech (page 
318). Spring sowings sprout after 4 to 6 weeks. About 550 
pounds of acorns are required per acre for broadcast sowings ; 
they are covered with about IJ inches of soil. Direct sowings 
yield finer woods than planting. 

Sowings in nurseries are generally made in drills, or the 
acorns are placed flush on the seed bed in rows, and covered 
with 1^ inches of soil. The seedlings should be pricked out 
when one year old ; they are ready for planting after two 
years more ; frequently older plants are used, which may 
have been pricked out a second time. Three year old plants 
may be placed 3 feet apart, and older plants proportionately 
further. The plants stand pruning well, both on the crown 
and roots. They are generally planted out in pits. 

Seedling plants one year old are frequently planted into the 
forest, as they are likely to grow into better trees than pricked 
out plants; not less than 8,000 seedling plants should be 
planted to the acre, so as to induce an early struggle for 
existence. 

In regenerating oak woods naturally by seed, the acorns 
must frequently be brought artificially into the ground, either 
by driving herds of swine through the woods or lightly 
hoeing the soil after the acorns have fallen. The seed trees 
are removed quickly, generally within a few years after the 
young crop has come up; otherwise the latter is likely to 
suffer from the shade of the mother trees. In the Spessart 
and other localities oak is sown in groups of 1 to 10 acres in 
extent on the more favourable parts of beech woods, after the 
latter have been heavily thinned. As soon as the young crop 

y ii 
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of oaks is established, the remaining shelter trees are 
removed, and the rest of the beech wood is then naturally 
regenerated for beech. In this way the danger of the oak 
being supi)ressed by beech is avoided. 

L Tendmij. 

Fertility of the SoiL — As already stated, pure oak high 
forest is rarely capable of preserving the fertility of the soil, 
hence such woods must be underplanted with shade bearing, 
dense crowned species. 

External dangers are on the whole not great. Young oak 
suffers from late frosts, but such damage heals easily, owing 
to the great reproductive power of the tree. Oak suffers much 
from frost cracks. It is very storm firm. Snow and rime 
only break the branches, especially the lower ones. 

Cattle and game nibble oak freely ; red deer and mice to 
some extent peel the bark. Oak supports more insects than 
any other tree. Kaltenbach, in an incomplete list, enumerates 
over 500 species. The acorns may be destroyed by weevils 
(Balaninus) or by wire-worm after planting; the trees are 
frequently defoliated by Tortrix viridana^ Cheimatobia h'umata, 
Liparis monacha, Hyhernia defoliaria, and in S. Europe by 
Cnethocampa processionea ; also by cockchafers. Many weevils 
eat the buds. The bark is injured and sickly trees are killed 
by species of Agrilus and by Scolytns intricatus. The timber 
may be rendered valueless by the boring of Cossiis larvae, 
or those of Longicornia, especially in Central Europe, by 
Ceranibyx heros. Many gall-wasps attack the oak, chiefly ill 
grown, pollarded, or hedgerow trees ; they are only harmful 
in nurseries. 

The Mistletoe {Loranthus europmis) is found on the branches. 
Fungi are numerous on oak, but the forester need not be 
frightened by them. Canker appears on the stem, but it 
seems as yet doubtful whether it is produced by a fungus 
{Nectria ditissima) or frost. White rot in the stem is produced 
by Polyporiis igniarus and JSydnum diversidens ; red rot with 
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white strips by Stereiuii hirsiitiim red rot with white spots by 
Telephora iterdix ; red, white and yellow rot intermixed in 
elongated places by Polyponis di-yacleiis. Seedlings and young 
plants are dried up by BoselUnia qiierciiia. 

Pruning . — The oak stands pruning well, but care should be 
taken to remove the branches while small, so that the wounds 
may be quickly closed. 

Thinning . — As pure oak woods are generally underplanted, 
the thinnings should be as follows : — During youth, say up to 
the age of 30 years, there should be only very light thinnings 
or none at all. Cleanings may be made to remove any 
undesirable species threatening the oak, such as birch, 
willows and aspen. ■ After this early period the thinnings 
should gradually become heavy, so as to develop a 
number of fine trees which are to form the final crop, assisted 
by an underwood to shelter the soil, if possible of beech. 

4. Ash — Fraximis excelsior (L.). 
a. Utility. 

The ash yields an excellent timber, hard and heavy, specific 
gravity when air dried = ‘TS, tough and durable. It is used 
for a great variety of purposes, by the joiner, carpenter, 
wheelwright, sievewright, basket maker, etc. It also yields a 
very good fuel. The leaves are good fodder. 

y. Dufrilmtm. 

Europe up to 63° latitude, also North Africa. It is 
indigenous in Great Britain and Ireland, going up to 1,350 
feet in Yorkshire. In the Alps it is seen up to 4,000 feet. 

r. Loralily. 

Climate . — Ash does not require much heat, but it is very 
tender against late frost, and also drought. It is light 
demanding, standing next to oak, but it bears somewhat 
more shade in youth. It likes moist air, and is storm 
firm. 
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Soil . — Ash requires a deep, porous, moist and fertile soil. 
It is chiefly found in low lands, near rivers, and in the bottom 
of mountain valleys. Good loamy soils, with some lime, also 
marls, suit it best ; it avoids sandy and acid soils. 

(L Shape and Devehpment. 

The ash has a straight stem, which divides into branches at 
about half its height ; it is specially liable to fork. The 
crown is of moderate extent and thin during the first half of 
the tree’s life; afterwards it becomes broader. The root 
system is extensive and deep going, with a tap-root ; the tree 
requires much growing space below ground. It is a rapid 
height grower, especially during the first half of its life ; 
during the second half it is liable to be outgrown by both 
beech and oak. It reaches a height up to about 110 feet. 

Ash does not attain a very large diameter. Its volume 
growth is smaller than that of oak. 

The upper age limit of ash may be placed at 800 years. 

e. ReprodwUve Power, 

The tree commences producing full crops of seed when 
about 40 years old ; they are somewhat light, and occur about 
every other year. The reproduction by seed is on the whole 
good. 

If coppiced, the ash reproduces well from the stool, chiefly 
by stool shoots, but also by suckers, but the stools do not last 
very long. It also reproduces well when pollarded. 

/. Gha/racter and Composition of Woods. 

Ash appears in pure woods, but owing to its light foliage it 
is not suited to be so grown except in very favourable localities. 
It is much better adapted for mixing with other species, 
especially beech, and also hornbeam. It is frequently found 
mixed with oak, alder, maple, elm, lime, sweet chestnut, willow, 
poplar and hazel, especially in coppice with standards, or coppice 
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only. In such mixtures it generally holds its own against the 
other species. A mixture of ash and larch is undesirable. 

g. Sglviculiural Systems. 

Ash is treated as high forest, coppice, pollards, and as 
standards in coppice. If found pure in high forest, it requires 
underplanting, like the oak, best with beech. 

h. Fmination of Woods. 

Ash woods are generally formed by planting, rarely by 
direct sowing, sometimes by natural regeneration. 

The seed ripens in October and falls during winter until 
spring; it retains its germinating power up to three years. 
Of good seed 65 per cent, should germinate. About 6,600 
clean seeds go to the pound. 

The seed germinates in the second spring, and should be 
treated like that of hornbeam (page 318). 

For direct sowings about 35 pounds of seed per acre are 
required. The seed should receive a covering of about three- 
quarters of an inch. 

In nurseries the seed is generally sown in drills about 
March or April of the second year, after it has been lying 
imbedded in sand for 16 or 17 months ; the seedlings will be 
ready for pricking out in the following spring, and they may 
reihain one, two, or more years in the nursery lines, according 
to the required class of plants. It may be mentioned that the 
development of a suitable crown and stem can be regulated at 
this period, by removing unnecessary buds and young shoots. 
Ash is usually planted in pits. 

i. Tending. 

Young plants are very liable to suffer from late and early 
frosts, hence some shelter is useful ; this, however, must not 
be heavy, as the ash is light demanding. They suffer much 
from browsing by cattle and deer, unless protected by a fence. 
Deer, rabbits and mice also peel the stem. 
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Insects and fungi are not very formidable. The leaves 
of the ash tree are rarely injured except by Cheimatobia 
brumata, and in Central Europe by the blister-beetle, Lytta 
vesicatoria. The shoots are sometimes much stunted by the 
larvae of a Tineid moth, Prays curtisella. The bark is sought 
and badly gnawed by the hornet. The Cossidce readily attack 
it, Zetisera preferring the saplings to any other food plant. 
The bark-beetles, Hylesinits fraxini and crenatuSi kill sickly 
trees ; the former also attacks the upper branches of healthy 
trees and kills them in a few years. 

Cankerous spots in the bark may be caused by Nectria 
ditissima. 

The thinnings of ash woods should be such as to enable the 
tree to lay on diameter increment, in other words to give it a 
liberal growing space at all times, and especially with 
advancing age. 

5. Elm — Ulmus (L.). 

The following two species will here be noticed : — 

(1.) The common e\m=^XJhmiB campestris, Sm. 

(2.) The Scotch, wych or mountain elm = Uhiius 7 nontana, 
Sm. 

a. Uiiliijj, 

Elm yields a coarse timber which is hard, moderately 
heavy, difficult to split, very durable, even when exposed 
to become alternately wet and dry. Specific gravity of air 
dried common elm, mean = *73, of mountain elm = ’69. It 
is used for a great variety of purposes in rural districts, 
by the carpenter, joiner, wheelwright, turner, boat-builder, 
and others. It yields a fair firewood, and the leaves are 
good fodder. The ashes yield excellent potash. 

&. Distribution. 

Common Central and South Europe, North Africa 

and Siberia ; goes up to 4,000 feet in the Alps. It is found 
in England up to an elevation of 1,500 feet in Derbyshire, 
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also in Ireland, rarer in Scotland. Introduced into Britain, 
where it does not, as a rule, bear fertile seed. 

Wych Elm . — Europe and Siberia. Indigenous in Britain, 
going north to Sutherland, also in Ireland. Ascends to 1,300 
feet in Yorkshire. 

r. Lontlify. 

Climate . — Elm requires a mild climate, but is not sensitive 
to late frost. It is a light demanding tree, but less so than 
oak and ash. It is only fairly storm firm, and the branches 
of old trees are easily broken. 

Soil . — Elm demands a deep, fairly porous, moist and fertile 
soil to do well ; hence it is mostly found on alluvial soils in 
low lands and valleys. The wych elm is somewhat less 
exacting than the common elm. 

(1. Slutpe and Dorelopmeni. 

The elm divides into branches at about half its height. 
The crown of the common elm is narrow and tends upwards ; 
the wych elm has a broader crown. The root system consists 
of a tap-root with numerous side roots ; at an advanced age 
the system becomes somewhat more shallow. It grows quicker 
than oak, but rather slower than ash, and reaches an ultimate 
height of about 110 feet ; the common elm under specially 
favourable conditions up to 125 feet. It attains a consider- 
able diameter.* It is a long lived tree, reaching an age of 
500 or even more years. 

(>. Reproductive Power. 

The elm commences producing seed plentifully at the age of 
about 40 years. The crops are heavy and occur about every 
2 or 3 years ; in Britain the seed of the common elm very 
rarely ripens. On the whole the reproductive power by seed 
is great. Both elms have a great reproductive power from 
the stool, there being stool shoots and suckers ; they also 

* The author lias seen, at Sdnmsliciiu, in llhouish Hossia, a conuuon olm tree 
of fourteen feet diameter measured al three feet from tlie ^^rouial. 
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reproduce well by stem shoots. Trees upwards of 40 years 
old when cut over still reproduce well from the stool. 

/. Character and Composition of Woods. 

Elm is not well suited for pure woods. It does much better 
mixed with beech and hornbeam ; it is also grown with oak, 
ash, alder, and others, not unfrequently in coppice with 
standards. It holds its own against these species, except 
beech, which may outgrow it during the second half of life. 
If pure, elm should be underplanted like oak. 

g. Sylvicultural Systems, 

High forest, standards in coppice, coppice, and pollards. 
li. Formation of Woods. 

The elm is generally planted ; the plants are either raised 
from seed, or they consist of suckers or layers. As the seed 
of the common elm does not ripen in Britain, it is generally 
propagated in the latter way in this country. 

The seed ripens in May to June and falls almost immedi- 
ately ; it keeps its germinating power only for a short time, 
and must be sown at once. If 30 per cent, germinate, it is 
considered good seed. There are about 60,000 seeds to the 
pound. In nurseries the seed is best sown broadcast and very 
slightly covered with fine earth, one-tenth of an inch being 
sufficient ; it germinates after 2 — 3 weeks. The seedlings 
may be placed in nursery lines in the following spring, and 
they are fit to be put out after another year, though they 
frequently remain longer in the nursery. 

The methods of obtaining layers and suckers have been 
shortly indicated on page 221. 

i. Tending. 

The elm, being hardy and grown mixed with other species, 
does not require much tending. Cattle and deer do damage 
by browsing, but the damage is quickly healed. Insects and 
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fungi do a moderate amount of damage. The elm suffers 
from two scale-insects, Schizoneura lanigera and Lecanitm 
vagdbundum ; the latter lives on the stems of saplings, destroy- 
ing large patches of bark. Elms have been much injured by 
two bark-beetles, Hylesinus vittatws in Central Europe, and 
Scolytiis Oeofroyi (destructor, 01.). The latter is exceedingly 
harmful to the unhealthy elms growing near large towns ; it 
also attacks trees in the open country, selecting weak spots, 
generally the extremities of old branches, at the summit of 
the tree, and working down the trunk year by year. Of ftmgi 
nothing need be mentioned. 

Elm generally holds its own against the species with w'hich 
it is usually mixed, except perhaps beech, but from middle age 
upwards it must be given a liberal growing space by thinning 
away the other species to a sufficient extent. 

6. Sweet Chestnut — Casianen vesca (G-artn.). 

«. Utility. 

The chestnut yields a fairly hard, moderately heavy timber, 
specific gravity air dried = ‘61, splits well, durable. Used 
for building, in carpentry, staves for wine casks, vine stakes, 
hop poles, pit timber, etc. It is not a very good firewood, but 
the charcoal is much appreciated by blacksmiths. The bark 
is used for tanning. The fruit is eaten. 

Ik ■ Dislribution. 

A.sia, Europe, North America. In Europe it is indigenous 
in the south and west ; introduced into Britain, where the 
fruit rarely ripens fully. It rises to 2,800 feet in the Alps. 

In its natural home the chestnut is a tree of the lower hills 
and momitains, preferring northern and eastern aspects, 
rarely found in the low lands. 

r. LocaMty. 

Climate . — Kequires a mild climate, is tender against late 
and early frost and also severe winter cold ; drought also does 



33S 


NOTES ON BRITISH FOREST TREES. 


not suit it. Chestnut is a light demanding tree, but less so 
than oak. During youth it stands some shade, so that it 
thrives under Scotch pine woods. Later on in life it becomes 
more light demanding. It is storm firm. 

Soil — Chestnut likes a deep, porous, fresh and fertile soil. 
It can grow in rather dry soil if deep, but avoids wet localities. 
A loamy sand suits it best ; it does not like heavy soil, and 
avoids calcareous soils. 

(L Shape ami Development. 

Chestnut has a straight stem, which, however, branches at 
a moderate height. If space permits, it produces a broad 
ci'own, which is fairly dense. The root system is deep going, 
resembling that of the oak. 

The height growth during youth is somewhat more rapid 
than that of oak, but it does not reach the same height as the 
latter. It attains a very large diameter.* It is a long lived 
tree, reaching an age of more than 500 years. 

e. Rejjrod'uclive Power. 

Chestnut comes into full bearing at the age of about 
50 years. Full seed years occur every 2 or 3 years, though 
some seed is produced almost annually. 

The reproductive power from the stool is very great ; even 
the stools of trees up to 100 years old, when cut over, yield 
shoots ; the stools last a long time. 

/. Character and Gomposltion of Woods. 

The chestnut is not very suitable for growing in pure woods 
as high forest, as it opens out about the same time as the oak, 
though not to the same extent. Such woods recjuire under- 
planting. It is, however, grown pure as coppice. It does 
well in mixture with beech and oak as high forest ; in coppice 

A chestnut tree on Mount Etna is reported to have a girth of about 
200 feet (Dbbncr-Nobbe). 



THE SWEET CHESTNUT. 


333 


it is grown mixed with many species, as beech, oak, ash, elm 
maple, lime, birch, hazel, willow, aspen, etc. 

//. SyMntlfural Syistmm. 

High forest, standards in copince, but chiefly coppice. In 
Southern Europe it is much grown as a fruit tree in open 
woods. As high forest it is treated under a rotation gener- 
ally not exceeding 100 years, as coppice under one of 5 to 30 
years, according to the size of the required material. 

lu Formation of Woods. 

Direct sowing is done, but chiefly planting. The chestnuts 
ripen in October and fall immediately. They retain their 
germinating power for about six months. Of good chestnuts 
not less than 60 per cent, should germinate. One pound 
contains about 115 chestnuts. 

Direct sowings should be made in spring, as the chestnuts 
are liable to be eaten by mice if sown in autumn ; they should 
not be sown too early, as the young seedlings are tender 
against late frosts. The chestnuts should be covered with 
about 1 J inches of soil ; they germinate after five or six weeks. 

The treatment of chestnut in nurseries is similar to that 
described for oak (page 323). 

i. Tendimj. 

Young chestnuts must be protected against late and early 
frosts, either by sheltering them artificially or by raising 
them in sheltered localities. They also require protection 
against cattle and deer, which browse them. Further on in 
life chestnut suffers much from frost cracks. 

Damage by insects and fungi is not of much importance. 
The only part of the sweet chestnut liable, as a rule, to damage 
by insects is the fruit, the crop of which may be much lessened 
by the internal-feeding larvse of species of Carpoca^mdco 
among the Tortrices. 

The chestimt stands pruning well. 

Thinnings are made as in the case of oak. 
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7. Maple — Acer (L.). 

The following two species are grown as forest trees in 
Britain : — 

(1.) The great maple, or sycamore = Acer Pseiido-'platanns, L. 

(2.) The Norway Acer platanoides, L. 

a. Utility, 

The white or yellowish-white timber of the two maples is 
moderately heavy (sycamore, sp. gravity, air dried = *67, 
Norway maple = ‘74), hard, fairly durable under cover, but of 
short duration in the open. It has great heating power, but 
is not an agreeable fuel for domestic purposes. It is used by 
the joiner, for finer wheelwright’s work, carving, mathematical 
instruments, rollers in cotton mills, and a variety of other 
purposes. The leaves yield good fodder. 

The timber of the sycamore is somewhat preferred to that 
of the Norway maple. 

h. Distribution, 

Sycamore , — Middle Europe and Western Asia. Goes higher 
in mountains than the beech ; up to 5,000 feet in the Alps. 
Probably introduced into Britain. 

Norivay Maple, — Europe; goes further north than the 
sycamore, up to 62° of latitude ; it does not go in mountains 
as high as the sycamore ; to about 4,000 feet in the Alps. Not 
indigenous in Britain. 

c. Locality, 

The maple generally makes small demands on the 
temperature, but it suffers a good deal from late frosts, and 
also from excessive heat ; it is hardy as regards winter cold. 
As regards light requirement, it stands about half-way between 
light demanders and shade bearers. Maple is a storm firm 
tree. The Norway maple is specially adapted for cultivation 
by the seaside ; it is somewhat more a tree of the plains than 
the sycamore ; it also suffers somewhat less from late frosts. 

Soih — Maple requires a deep, fresh and fertile soil ; Norway 
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maple can do with somewhat less fertile soil than sycamore, 
also with less moisture, but stands a higher degree of it than 
the other maple. 

d. Shape and Development , 

The stem of the maple, though straight, divides rather low 
down into branches ; it forms large oval crowns if grown in 
the open, which are of moderate density. In crowded woods 
the maple develops a tall, cylindrical stem, with a small 
crown restricted to the upper part of the stem. The root 
system is deep-going. Maple at first shows quick height 
growth, which falls off comparatively early, so that it is liable 
to be passed by beech, though it may ultimately reach the same 
height. Both maples reach a large diameter, and a great age. 

e, ReprodttcUve Poive7\ 

Sycamore produces full crops of seed after the age of 40 
years, Norway maple a few years earlier ; they are not very 
heavy, and occur about every other year. On the whole the 
reproductive power by seed is good ; that from the stool is 
moderate, and the stools do not last long. 

/. Character and Composition of Woods, 

Though maple is fairly well adapted for pure woods, it is 
generally mixed with other species, especially beech, also oak, 
and even conifers. 

g. Sylvicultural Systems, 

High forest, standards in coppice, and coppice. 

h. Formation of Woods, 

Maple is generally planted, though it reproduces naturally 
wherever it has a chance. 

The seed ripens in September to October ; it falls in 
October and into the winter months. The germinating 
power disappears rapidly after the following spring. Good 
seed should show a germinating percentage of at least 56. 
One pound of seed of sycamore contains about 5,000 seeds, of 
Norway maple somewhat more. 
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The best plan consists in bedding the seed, as in the case of 
ash and hornbeam, sowing it in drills in the spring, as soon 
as it shows signs of germinating ; the seed should be covered 
at least to a depth of | of an inch, but inch is not too much. 
The cotyledons aj)pear in that case after about two weeks, if 
the weather is warm. Seed kept over winter and sown in 
spring germinates after 4 to 6 weeks. The seedlings may be 
removed into nursery lines when one year old. 

Maple is generally planted out in pits. 

L Tendimj, 

Maple, while young, requires some protection against late 
frosts. 

Maple is browsed by deer, also sometimes peeled, but it 
is little injured by insects. The seedlings are sometimes 
destroyed by wireworm. The roots of saplings may be 
attacked by chafer-grubs, whose imagos may defoliate the 
tree, as well as the larvss of Acvonycta aceris, Zeuzera cesciUi 
will kill young trees. 

Fungi are of little importance. The black spots on the 
leaves are due to Rhytisma acerina. Phytoj)hthora omnivora 
sometimes kills young seedlings. 

Mistletoe is found on maple. 

Pruning should be avoided. 

Thinnings. — The maple should be given an ample growing 
space when the height growth begins to fall off. 


8. Common Alder — Almis glatinosa (Gsertn.), 
a. UHlify. 

The specific gravity of air dried wood is, on an average, = *53. 
The timber is soft, splits easily, does not last in the open, but well 
under water, and is used accordingly ; it is also used for clog 
making, herring barrel staves, for cigar boxes, and cooperage. 
It yields an inferior fuel, but a charcoal well adapted for the 
manufacture of gunpowder. For Schulze’s powder the wood 
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is used without first converting it into charcoal. The bark is 
used for tanning. 

b, Distrihiition. 

It is found in most parts of Europe, almost up to 62° of 
latitude, in Northern Africa, and in Western and Northern 
Asia. It is indigenous in Great Britain and Ireland. It 
goes up to 1,600 feet in the Scotch Highlands, and to about 
4,000 in the Alps. 

c. Locality. 

Climate . — ^Alder requires little warmth, is fairly hardy 
against frost, but very sensitive to drought. It is a light 
demanding tree, standing about on a par with elm, but some- 
what below oak. It requires moist air, and suffers from snow 
and rime, which break the branches. 

Soil . — Alder requires a porous, moist soil of at least 
middling depth. Moisture is specially wanted in the sub- 
soil. Although it requires more moisture than the commoner 
forest trees, it does not thrive in stagnant water. It is at 
least moderately exacting as regards the chemical composition 
of the soil. It does best on sandy loam rich in humus, and 
thrives even on peat soil ; cold clay and dry sand do not suit 
it. Alder is principally found along river banks in the low 
lands, and at the bottom of mountain valleys. It does not 
seem to be particular about aspect. 

(1. Shape and Development. 

Alder develops a straight stem, which divides only in the 
upper part ; the branches are of moderate size, with a rather 
thin foliage. The root system consists of a number of deep 
going side roots, which branch in the subsoil and end in 
numerous fine rootlets. 

It is a quick grower, but rarely reaches a height of 75 feet, 
generally considerably less ; it lives, as a rule, to an age not 
exceeding 100 years, only exceptionally longer, 
s, z 
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0, Raproducfive Power. 

Alder begins to seed fully at the age of about 25 years ; the 
crops of seed are heavy, and they occur about every three 
years. On the whole the energy of ' reproduction by seed is 
moderate. The reproductive power from the stool is strong 
and enduring ; the tree chiefly produces stool shoots. 

/. Characier and Composition of Woods. 

Pure woods of alder are found in moist or wet localities, 
where a sheltering of the ground is either not essential or 
even undesirable. It is also found in mixture with other 
species, especially with ash, birch, elm, or oak, generally 
occupying the moister parts of the woods. 

//. Sylvicultural Systems. 

Alder is mostly treated as coppice, either by itself or as 
underwood under standards. It is also found in high forest ; 
in that case rarely pure but generally in mixture with other 
species. As coppice it is treated under a rotation up to 40 
years ; in high forest under one of 50 to 80 years. Coppice 
shoots reach about the same height as seedling trees. 

h. Formation of Woods* 

Alder woods are generally formed by planting, and then 
either coppiced, or, if treated as high forest, replanted. The 
plants are sometimes raised from cuttings and layers, but 
generally from seed. 

The seed ripens in October, and falls from November until 
spring. It maintains its germinating power for about one 
year ; if 30 per cent, germinate, it is considered good seed, 
but frequently a much smaller percentage is fit to germinate. 
One pound contains about 300,000 seeds. 

For direct sowings about 15 pounds of seed would be 
required per acre, but such sowings are rarely made; the 
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seeds should receive a light covering of not more than one- 
third of an inch, and they germinate, if sown in spring, after 
4 to 6 weeks. 

In nurseries a moist part should be chosen for the seed 
beds ; at any rate they must be kept moist after sowing. The 
seed is sown broadcast. When one year old, the seedlings 
may be pricked out, and left one or two years in the nursery 
lines. 

The planting is mostly done in pits. 


•L Tending. 

Alder does not require much tending. When quite young 
it is liable to suffer from frost lifting, owing to the moist con- 
dition of the soil where it is usually grown. This can be 
prevented by covering the space between the plants; any 
plants actually lifted must be ipromptly put back into the 
ground. 

Considerable danger may threaten alder from the drying- 
up of the subsoil owing to a change in the level of the ground 
water. Such danger must, as far as practicable, be avoided, 
by preventing the water from being drained away. At the 
same time inundation may do much damage, especially if it 
occurs after a wood has been coppiced, and if the water 
covers the stools, or if sheets of ice form over young 
plantations. 

Insects and fungi do little damage. The foliage of alder 
may be injured by Tortrix larvae, or by the plant-beetles, 
Agelastica alni and Lma cenea, both uncommon in England. 
The bark of young alders is attacked by a weevil, CryptoV'. 
rhynchuH lapathi, which breeds in their stems. Older trees 
are bored by the Cossidce and one or two Senias. 

Of fungi Nectria ditissima may cause cankerous formations, 
and Pohjporns sulphureus red rot in the stem. Exoasims 
borealis causes witch’s broom, a,;nd several other species of this 
genus are found on the leaves and flowers. 

z ^ 
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9. Birch — Betula alba (L.). 
a. Utility. 

The timber is fairly heavy, specific gravity of air dried 
wood = ‘68, moderately hard, does not split well, of small 
durability ; good firewood, is also converted into charcoal 
for the manufacture of gunpowder. The timber is used by 
joiners, wheelwrights, for coarse carvings ; in Britain exten- 
sively used for bobbins, also for herring barrels. The branches, 
and still more young shoots and trees, are used for withes, 
brooms, etc. The bark is used for tanning and the manufac- 
ture of small vessels and boxes. 

&. Distrihuiion. 

It is chiefly found in Northern and Eastern Europe ; also 
in Northern Asia and in North America (a variety). In 
Europe between 47° and 70° latitude. It is indigenous in 
Great Britain 4nd Ireland. It is a tree of the low lands, lower 
hills, and even mountains. It grows up to 2,500 feet in 
Scotland, in the Alps to over 5,000 feet. 

c. Locality. 

Climate . — It requires but a low temperature, is frost hardy, 
and not particular as regards heat. It is highly light de- 
manding, almost as much as larch. It likes moist air. To 
some extent thrown by storms. Suffers somewhat from snow 
and rime. It prefers south or west aspects. 

Soil . — Birch requires only a shallow soil, with a moderate 
amount of moisture ; it is not exacting as regards mineral 
composition. Although loamy sand suits it best, it accommo- 
dates itself to all sorts of other soils. It is found on soils 
ranging from poor, dry sandy soil to swampy ground, but 
avoids stiff clay and calcareous soils. 

ft. Sliajie a^iul Devehjmmt. 

The stem is generally wavy or undulating, and divided into 
branches in the upper part. The crown assumes an elliptic 
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shape, and is thin. The branches are often drooping. The 
root system is weak and shallow. 

It grows quickly from the beginning, but rarely reaches a 
height of 100 feet, generally not beyond 70 or 80 feet. Its 
volume growth is smaller than that of most other important 
forest trees. Its life seldom exceeds 100 years. 

fl. Reimduetivp Power. 

Birch begins producing full crops of seed when about 25 
years old ; they recur every two or three years and sometimes 
annually, and are heavy. On the whole, the reproductive 
power by seed is very great. The light seed is easily carried 
about, and young birch springs up wherever there is room 
for it, owing to the accommodating power of the species. 

The reproductive power from the stool is weak ; the shoots 
spring chiefly from the root neck ; the stools are liable to die 
after two or three rotations. 

/. Oharacler and Gonpoxiiion of Woods. 

Owing to its thin crown and great light requirement birch 
is not well suited for pure woods ; nevertheless it appears 
pure over extensive tracts in Northern Europe (Russia, 
Scandinavia, and Britain), owing to its great reproductive 
power and accommodating character, which enables it to grow 
in localities where other species would not thrive, or where 
it outstrips them. In such localities its preservation is 
justifled. 

In other localities it should be mixed with species with 
dense crowns, such as beech. It is not so well suited for 
mixture with conifers, as it injures them by the whip-like 
action of its slender branches. 

y. Sylvicidfural Systems. 

High forest, also standards in coppice ; little suited for 
coppice. Excellent shelter wood over a tender species ; 
planted in shelter belts and wind breaks. Useful for filling 
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blants in existing woods. It is treated under a rotation of 40 
to 60 years in high forest, and of 15 to 20 years as coppice ; 
for the production of withes it may be cut over after 3 to 5 
years, according to circumstances. 

It, Formation of Woods. 

They can be formed artificially or naturally. The seed 
ripens from the end of August to October, according to 
locality, and commences falling soon afterwards up to 
February. It maintains its germinating power for 6 to 
12 months. It is considered good seed if 20 per cent, of 
it germinate. One pound of clean seed contains something 
like 800,000 seeds. 

Direct sowing is rarely done. Broadcast sowings would 
require about 30 pounds of seed per acre, which should be 
very thinly covered, only about one-eighth of an inch. The 
seed germinates after 2 to 3 weeks. Seed which ‘has ripened 
early in the autumn may germinate in the same year ; other- 
wise it lies dormant till spring. 

In nurseries the seed is sown broadcast and covered by 
sprinkling a little earth over it. The one year old seedlings 
may be pricked out and left for one or two years in the 
nursery lines, according to requirements. On the Continent 
one or two year old plants are used for planting. 

Birch can easily be regenerated naturally under a very 
small number of mother trees. Generally it appears wherever 
it has a chance of springing up, and the forester has more to 
fight against it than to favour it. 

L Tmdin(j. 

Fertility of Soil . — Early opening out and a thin crown do 
not enable the birch to act beneficially upon the soil ; hence 
it should not be grown pure, except on localities where more 
valuable trees will not thrive. 

External Dangers. — Birch, being very hardy, requires no 
tending against climatic influences : the damage done by snow, 
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rime, and storms is moderate. It is less nibbled by cattle 
and deer than almost any other broad leaved tree. It is 
attacked by mistletoe. 

Insects . — The leaves support a very large number of larv®, 
■which, as a rule, are not gregarious. Injury is occasionally 
caused by the following species : — Liparis dispar, and inonacha ; 
Eriogaster lanestris, Pygcera hiicephala. Rhynchites hetidce 
and its allies cut and roll up the leaves. The young stems 
are injured or killed by the larvae of species of Agrilus and 
Sesia, and by Zeuzera, (esculi. The goat-moth, Cossus, lives in 
older trees, which are also liable in some localities in N. 
Europe to suffer from the burrows of a bark-beetle, Scolytus 
Ratzehurgi. 

Birch has no serious enemies amongst fungi. Exoasciss 
turgidus produces witch’s broom ; Polyporiis hetnUnns, red rot ; 
Polyporus Icevigatm, white rot. 

Birch is rarely pruned. Thinnings are regulated naturally, 
as the weaker individuals are speedily suppressed by a 
moderate number of dominant trees per acre. In mixed 
woods the more valuable species require, during youth, to be 
protected against the birch, as the latter generally grows 
quicker. 


10. .Willow — Salix (Tournef.). 

Of the numerous species of Willow only the following four 
need be mentioned here : — 

(a.) Common sallow, or goat willow =5'(fMa; caprea, L. 

(6.) White willow = olhn, L. 

(c.) Crack willow, or mthy = Salix frag ilis, L. 

(d.) Common osier = Salix t'iminalis, L. 

The willows yield a soft light timber which is little prized, 
except for some special purposes, as for cricket bats; their 
principal value consists in yielding withes and materials for 
basket work, cask hoops, etc. The wood is not good fuel, but 
may be converted into charcoal for the manufacture of gun- 
powder. The bark is used for tanning. The osier yields the 
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largest quantity of material for basket work, but various other 
species are grown for the same purpose. 

a. Common Sallow. 

The sallow occurs all over Europe, North and West Asia, 
Himalayas. It is found in Great Britain up to Inverness, and 
in Ireland. It ascends to 2,000 feet in the Highlands and to 
about 5,000 feet in the Alps. 

It is a tree of the low lands and outer hills, prefers a fresh 
soil, but can do even with dry soil ; appears on calcareous 
soils. The tree is little exacting in respect of climate and 
hardy. It is light demanding, of quick growth, and has 
a thin crown which cannot do justice to the soil. 

It is treated as coppice wood, under a rotation of 10 to 15 
years, having a good reproductive power from the stool; yields 
firewood, withes and fascine wood. It appears plentifully in 
high forest, but is generally removed in the cleanings and 
early thinnings. 

The seed of this willow ripens in May or June, and must be 
sown at once, as it does not preserve its germinating power. 
Sowings of willow are, however, never made in sylviculture. 
The tree is propagated by cuttings. These are cut, from a foot 
in length and upwards, from the previous year’s wood, though 
older wood may also be used. The cuttings may be placed into 
a nursery for one year, or planted out at once. Unless the soil 
is very loose, holes should be made, into which the cuttings are 
planted. The area should be kept clear of weeds, and the 
surface soil loosened between the cuttings. 

It is nibbled by cattle and deer, and peeled by mice, 

T). Whits Willoio. 

Europe, North Africa, North and West Asia, North-West 
India. It is planted in all parts of Great Britain and Ireland, 
generally along the banks of rivers. It likes fresh, loose soil, 
especially of a loamy nature, but is not very exacting ; is light 
demanding, grows rapidly, has a thin crown, and is hardy. 
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The white willow is best adapted for pollarding (topping), 
less suited for coppice. It also appears in high forest amongst 
other species. As pollards, it is worked under a rotation of 
three to six years; the material is used for fascines, cask 
hoops and basket work. 

It is propagated by cuttings, which may be five and six 
feet long, so as to produce a tree in the shortest possible 
time. 

As regards animals, see common sallow. ■ 
c. Grade Willow. 

Europe, North and West Asia. Planted along river banks 
and low land generally; likes moist or wet soil, especially 
loamy sands ; light demanding, thin foliage ; grows rapidly ; 
hardy, but suffers from snow and rime; good power of 
reproduction by shoots. 

It is suited for pollarding and coppice, and is treated like 
the white willow ; the shoots are not suited for basket work, 
as they are liable to crack. 

(1. Common Osier. 

Eussia, North Asia ; cultivated throughout Europe. It is 
extensively grown in osier beds, which are generally established 
along river banks and other low lying parts of the country, on 
loose, moist, sandy soil ; it is, however, exacting as regards 
general fertility of the soil. It is light demanding, with a 
thin crown ; grows rapidlj' ; fairly hardy, but suffers sometimes 
from frost, insects and fungi. 

The osier is treated as coppice. The rotation depends on 
the desired material, and ranges from one to six and even 
eight years. Material for fine basket work is obtained by 
cutting annually. Eeproduction is powerful, but the stools do 
not last for more than perhaps 15 years, and frequently not so 
long. 

The osier is propagated by cuttings as described for the 
common sallow. In England the cuttings consist frequently 
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of whole shoots, of which only about one foot of the lower end 
is inserted into the ground; they are planted immediately 
after cutting. 


InserU injxiriom to WUlo?vs j/enerafly. 

Willows generally are injured by numerous insects, which 
are common to most species. The wood, chiefly of Salix alha, 
is much attacked by Aromia moschata, Lamia textor, and other 
Longicorn beetles, and by the goat-moth, Cossiis. The leaves 
are attacked by various Bomhyces, as Liparis salicis and 
Pygmra bucephala ; by sawfly larvae, and by plant-beetles, 
especially the species of Phratora and Galeruca, These are 
very injurious to Salix viniinalis, as are the leaf binding larvae 
of Earias chlorana. The twigs are injured by Sesiidce and by 
gall- gnats (Cecidoim/idce). A weevil, Cryptorrhynclins lapathi, 
destroys the bark and shoots, especially of S. viminalisJ 
Of fmg% several species of Melampsora produce a rust 
which causes the leaves to die. Polyporus sulphm-ens pro- 
duces red rot in the wood. 

11. Poplar — Popuhis (Tournef.). 

The following three species must be mentioned : — 

(a.) Aspen = Populus treinula, L. 

(i.) White poplar, or abele = Populus alba, L. 

(c.) Black poplar — Populus nigra, L. 


i. Utility. 

The aspen yields a soft light timber, of small durability in 
the open ; average specific gravity = *51 ; heating power small. 

It is used sometimes under cover for buildings, for packing 
and cigar cases, -rough cooperage, inner work of carriages, 
manufacture of matches, and of paper. The charcoal is used 
in the manufacture of gunpowder. The bark is used in 
tanning and dyeing (for the latter purpose also the leaves). 
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ii. DrSTRtBUTION. 

Europe, North Africa, North Asia. Indigenous in Great 
Britain and Ireland. Ascends to 1,600 feet in Yorkshire ; to 
4,000 feet in the Tyrol. Found over extensive areas in North- 
East Europe. 

iii. Locality. 

Climate . — Hardy against frost and drought. Highly light 
demanding, likes moist air, subject to be thrown by storms. 

Soil . — Grows almost anywhere, except on very poor dry 
sand ; moist loamy sand, rich in humus, suits it best. It is 
generally very accommodating. 


iv. Shape and DEVEiA>i‘Mi!N'r. 

It develops a tall stem with a thin crown, reaching a 
maximum height of about 110 feet. It is of quick growth and 
short lived, rarely reaching an age of more than 100 years. 

V. Reproductive Power. 

Great by seed ; sends out numerous root suckers. 

vi. Chahacter and Composition op Wood.s, Sylvioultural Systems. 

Rarely pure. Usually appears in high forest in mixture 
with other species, also occasionally as standards in coppice. 
Generally cut out in thinnings, as it becomes ripe in about 50 
to 60 years, or threatens to injure the more valuable species. 

vii. FoiiMATioN OF Woods, Dangers, Tending. 

Aspen is generally propagated by root suckers, sometimes 
by layers ; cuttings strike less well. It springs up readily 
from seed in open spaces, and in youpg woods of other species. 
The young trees are nibbled by deer, also peeled. Subject to 
much injury by insects. Requires no special tending. 

5. White Po})hw. 

Europe, North Africa, North and West Asia, N. W. 
Himalayas. Indigenous in Great Britain and Ireland. 
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Timber light, soft, specific gravity =*45; used for similar 
purposes as that of aspen, but more valued. 

Pound in low lands and river valleys, likes deep, loose, 
moist soil, more exacting than aspen. Growth quick, some- 
times reaching a height of 100 feet and a diameter of 1 foot 
in 40 — 50 years ; stem straight ; is light demanding ; foliage 
somewhat denser than that of aspen. Eeproductive power 
good, especially root suckers. 

Best propagated by root suckers, less well by cuttings. 
Treated as pollards, less suited for coppice. Occasionally 
standards in coppice. 


c. Black Poplar. 

Europe, North Asia ; not indigenous in Britain, but planted. 

Timber light, soft ; specific gravity = *45 ; most valued next 
to that of white poplar, and used for similar purposes. 

Appears in low lands and river valleys. Thrives on any 
soil, if loose and moist ; does not like heavy soils. Grows 
rapidly, developing a straight stem, light demanding, hardy. 

Eeproductive power good by stool shoots and root suckers. 
Best propagated by cuttings of various length. Treated as 
pollards, sometimes standards in coppice. 

Insects injunous to Poplars generally : — 

The leaves of young poplars of all species are much 
devoured by larv£e, which are not gregarious, except those of 
Dicranura and Liparis salicis. The plant-beetles, Lina po2)tili 
and treniulce (an aspen feeder), also attack them. A Longicorn 
beetle, Sapenla populnea, breeds in the twigs of young aspens, 
causing gall-like swellings and crippling the growth of the 
j)lant. Its congener, Sapercla carcharius, breeds in the stems, 
chiefly of black poplar, from 5 to 20 years old, and is a great 
hindrance in many places to growing the tree. Various dear- 
wing moths, especially Sesia apiformis, and the goat-moth, 
Cossiis, feed in the wood, often in company with Saperda. 

Oi fungi, Melampsora species produce a rust on the leaves. 

The mistletoe is frequently found on poplars. 
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12. Lime-Tebe oe Linden — Tilia (L.). 

Two species of lime-tree have to be mentioned : — 

(1.) Small leaved lime-tree == KKa Ehrh. 

(2.) Broad leaved lime-tree = grauclifolia, Ehrh. 

The former is the more important forest tree. An inter- 
mediate species is 'rUia inter mediae B.C., or Tilia eitropcea^ L., 
in Britain called the common lime-tree. 

a. Utility, 

The wood of the lime-tree is very light and soft, little 
durable, and of small heating power. Specific gravity about 

•45. 

The timber is .not fit for building purposes, but is used for 
tool handles, by joiners and coach-builders, for carving, piano 
sounding boards, cigar boxes, and for paper manufacture; 
young shoots are used for withes. The charcoal is used as 
crayons and for the manufacture of gunpowder. The bark 
yields bast for ropes, mats, packing, etc. The flowers yield a 
medicinal tea. 

The timber of the small leaved species is somewhat denser 
than that of the broad leaved lime-tree. 

b, Bistribuflon, 

The small leaved species occurs in Europe from the 62° of 
latitude southwards. North and West Asia ; goes up to 3,800 
feet in the Tyrol. The broad leaved species is indigenous in 
Middle Europe and West Asia; goes up to 2,800 feet in 
the Tyrol. 

Neither species is indigenous in Britain. 

(\ Locality. 

Climate — The lime-tree is frost tender, and still more 
sensitive against drought. It is by some considered a light 
demander, by others a shade bearer ; practically it occupies a 
middle position in this respect. It is fairly storm firm. 
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Soil . — A deep, thoroughly fresh if not moist, fertile soil. 
The small leaved lime-tree is somewhat less exacting as 
regards both climate and soil. 

(L Shape and Developmeni^ 

When grown in the open, the lime-tree forms a fairly tall 
tree with side branches coming low down the stem. In 
crowded woods it develops a tall cylindrical stem, with the 
crown reduced to its upper part. The root system is deep 
going. It is of quick height growth during youth, subse- 
quently similar to beech, reaching about the same height. It 
attains a large diameter and a very great age. 

B. Reproductive Poiver. 

The lime-tree commences producing full crops of seed after 
the age of 30 years, and they occur about every other year, 
showing a fair reproduction by seed. Eeproduction from the 
stool is excellent, and the stools last a long time. 

/. Character and Gomposiiion of ]yoodii. 

The lime-tree is, owing to its dense foliage, well suited for 
pure woods, but, as the timber is of inferior quality, it is not 
so grown, except in some parts of North-Eastern Europe (the 
small leaved species). As a rule it is found mixed with other 
broad leaved trees. 


g. Sylvicultural Syatema. 

High forest, and coppice either simple or under standards 
of other species. It makes a good soil protection wood, and is 
also pollarded. 

/^ Formation of Woods. 

As the seed rarely ripens in Britain, it is generally 
propagated by layers (see page 221), but also by seed 
obtained from the Continent. The seed ripens in October, 
the small leaved species one to two weeks later than the 
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other. The seed of the broad leaved species falls in 
November, that of the other species later on in winter. 
It retains its germinating power for two years. Of good 
seed 50 per cent, should germinate. One pound of seed 
contains about the following number of seeds : small leaved 
species = 15,000 ; broad leaved species = 5,000.^’ The seed 
germinates either in the first or second spring. If bedded 
in sand in the autumn and sown in spring it generally 
sprouts in the same year. It is easy to transplant up to a 
considerable size. 

■/. Tmidinij. 

Though lime is somewhat sensitive against late frosts, the 
damage caused to it in this way is as a rule moderate. Cattle 
like the leaves. 

There are no other dangers against which the tree requires 
special protection. Insects and fungi are of little importance. 
The especial foe to the lime is the buff-tip moth, Pijcfcera 
biice 2 )Jiala, whose gregarious larvse often strip it bare. Other 
species, as Lijmis dispar (not in Britain) and Biston hirtaria, 
may do the same. The leaves are sometimes destroyed by a 
mite, Tetranyclins telarius, which, occurring in vast numbers, 
sucks their juices. The cankerous places on the bark may be 
due to Nectria ditissima. 


13. Hazel — Corylus Avellana (L.). 
a, Utllify. 

The hazel yields a soft, moderately heavy wood, which, if 
young, is very tough, but not durable. Specific gravity, air 
dried = '63. The young wood is used for fascines, withes, cask 
hoops, walking sticks and other purposes. Older wood is 
sometimes used by joiners and sieve makers. The charcoal 
is used for gunpowder manufacture. The fruits are eaten ; 
they yield an oil. The leaves are eaten by cattle. 


According to Hess. 
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h. Distribution. 

Europe, Northern Africa, temperate Asia. Indigenous in 
Britain ; goes up to nearly 1,900 feet in the Highlands, and to 
5,000 feet in the Alps. 

c. Locality. 

Climate. — Frost hardy, does not like great heat. Stands 
some shade. 

Soil. — To grow well, hazel requires a porous, fresh soil, 
which need not be deep ; it avoids swampy ground. 

d. Shape and Development. 

It grows quickly, is generally a shrub and sometimes a tree 
up to 30 feet high. Does not reach a great age, perhaps 70 
to 80 years. 

p. Reproductive Power. 

It bears full crops almost every year, commencing at an age 
of about 10 years. The reproductive power from the stool is 
good, and the latter last long. The shoots start mostly below 
the surface. 

/. Character of Woods. 

It has a beneficial effect upon the soil. 

g. Sylvicultural Systems. 

It is generally grown as coppice, as underwood under 
standards, soil protection wood under oak, also suitable for 
hedges. 

h. Formation of Woods. 

From seed, or by layers. 

The fruits ripen in September, and fall from October 
onwards ; they retain their germinating power for about six 
months. The nuts must be well covered with earth and 
protected against mice. 

i. Tending. 

The young plants must be protected against cattle, deer 
and rabbits. 
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Hazel is not often seriously injured by insects. The cater- 
pillars of some Bomhyces and Geometry thin the leaves 
occasionally. The species of Balaniims at times greatly reduce 
the crop of nuts. 

The branches show cankerous places, which may be due to 
Nectria ditissima. 


14. Silver FiE=.46jes pectinata (D.C.). 
a. Utility. 

The timber is light, specific gravity of air dried wood on an 
average = -48; soft, easily worked and splits well; lasts well 
in dry localities, less so if exposed to weather. Timber of 
quickly grown trees is less durable than that of slowly grown 
trees such as are produced in crowded woods. It is used in 
Britain for a variety of purposes, principally as boards, planks, 
rafters, and small boxes for packing strawberries. Used for 
the manufacture of paper. Strasburg turpentine is obtained 
from this tree. 

b. DisiHlnitmh 

It is found naturally in temperate Europe between the 36° 
and 52° of latitude. It is not indigenous in Britain ; said to 
have been introduced about 300 years ago (1603 according to 
Blown). In its natural home it is a tree of the lower 
mountains, ascending to 2,500 feet in Central Germany, over 
4,000 feet in the Alps, and 6,000 feet in the Pyrenees. 

r. Locality. 

Climate . — Silver fir requires a fairly warm climate, and 
stands in this respect near the beech. It is subject to injury 
by late and early frosts, and is also tender as regards drought. 
It stands a great amount of shade, even more than beech ; in 
fact, more than any other forest tree mentioned in this part. 
It requires a certain amount of moisture in the air, but not so 
much as spruce. Northern and eastern aspects suit it best. 
It is fairly storm firm. 
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Soil, — Silver fir requires a deep, fresh and fertile soil, 
rather binding than loose. Loamy soils suit it best, though 
it will do well on sandy soils, if fresh. Dry or acid soils do 
not suit it. 

d. SMpe and TJevelopmeni , 

The silver fir develops a straight and undivided stem, 
occasional forking excepted, with comparatively thin branches. 
The crown maintains a conical shape until the height growth 
has been completed, when the top becomes flat ; in free 
standing trees it extends almost down to the ground, and even 
in crowded woods to nearly one-half the length of the stem. 
It has a fairly deep going root system. 

Silver fir is of very slow height growth during the first 10 to 
15 years of life, then the rate increases to such an extent that 
it reaches ultimately a greater height than any other British 
forest tree except spruce and the recently introduced Douglas 
fir. Woods of an average height of 120 feet are frequently 
seen, and single trees occasionally attain a height of 150 feet. 

In volume increment silver fir is probably only surpassed 
by the Douglas fir. Silver fir rarely reaches an age of more 
than 800 years. 

e. Re;prod‘Uclk'e Power, 

Silver fir produces full crops of seed from the 70th year 
onwards. Such crops are but light, and in favourable 
localities they occur at intervals of two to three years. On 
the whole the reproductive power by seed is not great, Bepro- 
duction from the stool may be said to be nil, 

/. Character anti Comimitlon of Woods, 

Silver fir is excellently suited for pure woods; it has a 
dense foliage, and maintains a cover overhead to an advanced 
age, under which a thick growth of moss springs up, thus 
preserving a suitable degree of moisture in the soil. 

It also forms a suitable stock with which other valuable 
timber trees, such as spruce, larch, Scotch pine, oak, etc., 
may be mixed. It is most frequently found mixed with spruce, 
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as it has the same shape and approximately the same height 
growth. Silver fir, being deeper rooted, protects the spruce 
from being thrown by storms. Another most excellent 
mixture is silver fir and beech, as they make similar 
demands on the locality. Oak in mixture with silver fir 
does well, provided the former has a decided start to prevent 
being outgrown. Silver fir is a very useful species for under- 
planting oak, larch, and Scotch pine, when these species 
commence to thin out, while they afford to the young silver 
fir the necessary shelter against late aifd early frosts and 
drought. 

//. Sylvictilkiral iSysiemn. 

Silver fir is only adapted for high forest, more particularly 
for the shelter-wood systems with natural regeneration by 
seed. If grown on blanks it requires nurses to protect i* 
against frost and drought while young. It may be seen 
occasionally as standards in coppice, but this is not advisable, 
owing to its dense foliage. As it does not reproduce from the 
stool, it cannot be grown as coppice ; it makes, however, good 
hedges. 

Silver fir is generally worked under a rotation of 100 to 
140 years. 

/^. Formnkoii of Woo(li<. 

Silver fir is, even more than beech, adapted for natural 
regeneration under a shelter- wood. Direct sowing and 
planting should be done under a shelter-wood; if this is 
not available it must be supplied artificially, otherwise the 
young trees will suffer from late and early frost, and possibly 
also from drought and insects. 

The seed ripens in September to October, in England 
towards the end of the latter month. As the seed falls at 
once, the axis of the cone alone remaining on the tree, the 
cones should be gathered as soon as ripe. The seed rarely 
keeps its germinating power for more than six or seven 
months, If 40 per cent, germinate it is considered good seed. 

A A 2 
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One pound of seed contains about 10,000 clean grains with- 
out wings. 

Direct sowings may be made in spring or autumn, the latter 
season being on the whole preferable, as the seed is difficult 
to keep. If spring sowings are decided on, the seed must be 
kept in an airy loft and occasionally turned. Spring sowings 
sprout after three to five weeks. About 40 pounds of seed per 
acre are required for broadcast sowings ; it receives a cover of 
about two-thirds of an inch. Sowings in patches under the 
shelter of existing woods are more frequent than broadcast 
sowings. 

In nurseries the seed may be. sown in drills, or broadcast ; 
the seedlings should remain for two years in the seed bed, and 
two years and upwards in nursery lines. In England they 
are rarely put out under five years old ; the plants may be 
placed 3 to 4 feet apart. The young plants generally require 
protection against frost and drought. 

The silver fir is best regenerated naturally under a shelter- 
wood, the selection and group system being perhaps even 
better suited to it than the compartment system. The process 
of regeneration is a slow one. In most mature silver fir woods 
groups of advance growth are found, where operations may be 
commenced. By removing the shelter trees standing over 
such advance growth, and gradually the adjoining trees, 
regeneration extends all round, and the groups expand until 
they ultimately merge into each other. In this way the 
regeneration period of a wood may extend over 30, 40, and 
even 60 years. The old trees, being gradually placed into an 
open position, increase rapidly in diameter, volume and value. 
At the same time they should be removed when the young 
crop demands it. 


i. Tending. 

Fertility of Soil — Silver fir, if treated properly, is an 
excellent preserver of the fertility of the soil. 

External Dangers . — The young trees require shelter against 
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frost and drought for 10 and sometimes even 20 years. This 
is given either by the mother trees or by an artificial shelter- 
wood of larch, Scotch pine or birch. This period passed, the 
tree is comparatively free from danger. Storm and snow may 
do damage, but not nearly so much as in the case of spruce. 
Cattle and deer nibble it, and the latter sometimes peel it, but 
it heals such damage easier than the other conifers. Squirrels 
bite off the leading shoots. 

Insects are, on the whole, not very destructive. Two species 
of Tortrix {T, muvinana and vufimitmn<i) destroy the needles 
and shoots, especially in Central Europe. A weevil, Pissodes 
jdcece, peculiar to this species, is destructive chiefly to sickly 
trees. The wood-wasps {Sirex) and some Tomicidai bore into 
the wood, especially when newly felled. A scale insect is 
likely to attack young silver fir, whenever it is grown without 
shelter. 

Mistletoe is frequently found on silver fir, perforating the 
wood and reducing its value. 

Of Fituf/ij xFculium elatinum, Lk., must be mentioned, 
which causes witches’ broom and canker on the silver fir ; 
this evil occurs sometimes on a large scale. To meet it the 
diseased stems should be cut out as soon as possible. Of 
other fungi, Phytojyhtliora onmirora, Pestalozzia Hartigii, 
Agarlcns mellevs and Trametes radiciperda may be mentioned, 
but they do less damage than in the case of spruce. 

The silver fir stands prunimg well. 

If silver fir is mixed with other species, it should be care- 
fully watched, as it is liable to be outgrown and injured owing 
to its slow growth during early youth. 

Thinnings rarely need commence before the 25th or 30th 
year ; they should be light until the woods enter the last third 
of their life, when they should be heavy, so as to cause the 
remaining trees to increase rapidly in diameter. Throughout 
the thinnings, and especially the early ones, all trees infected 
with canker should be removed, even if by so doing the leaf 
canopy should be temporarily interrupted ; in many cases it 
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may be possible to remove the witches’ broom before the stem 
has become infected. 


15. Common or Norway Spruce = Picea excelsa (Link.). 

a. Utility. 

The timber of the spruce is light, with an- average specific 
gravity of *45 ; soft and splits well ; somewhat more durable 
than that of silver fir. It is known in Britain as white Baltic 
pine, the principal tree of the European timber trade, and 
used for a great variety of purposes, chiefly in the shape of 
boards, planks, and scantlings. The timber grown in Britain 
is frequently of inferior quality, owing to its rapid growth in 
insufficiently stocked woods. It yields a fair fuel, and is used 
for the manufacture of paper. The bark is used for tanning. 
The tree yields turpentine. 

1). Dist/rihufion. 

The spruce is found naturally in Europe from the 68th degree 
of latitude down to the Alps, at about 44°. It is a tree of the 
mountains, being found up to an elevation of 6,000 feet in 
the Alps. On proceeding north it gradually descends, until 
it is found near the sea shores of the Baltic as a tree even 
of the low lands. Nevertheless, in Norway it rises still to a 
height of nearly 3,000 feet. The tree has been introduced 
far beyond its natural limit. It is said to have been first 
planted in Britain in 1548 (Brown). 

c. Locality, 

Climate , — Spruce requires relatively little heat; it stands 
a considerable amount of winter frost, but it is some- 
what tender as regards late frosts, though not nearly so 
much as silver fir. It is very tender in respect of drought- 
It is a shade bearing tree, standing, amongst conifers, next 
to silver fir, though the latter bears considerably mol's 
shade. The beech, also, is more shade bearing than the 
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spruce. These three species, together with hornbeam, are the 
principal shade bearing timber species of temperate Europe. 
Spruce demands moist air to do well; hence, in the centre 
of its natural home, it prefers north-easterly aspects. It is 
the least storm firm species of the trees mentioned in this 
book. 

Soil — Spruce is satisfied with a shallow soil of middling 
porosity, which must be at least fresh, and may be moist, or 
even wet, provided it is not actually swampy and acid. It 
does nbt stand inundation, and absolutely avoids dry soils. 
It is moderately exacting as regards the chemical composition 
of the soil, and reaches its greatest perfection on loams and 
shales. 


(I Shape and Devehpmenl. 

Spruce develops a straight, undivided stem, with thin 
branches, which become somewhat drooping with advancing 
age. The crown retains a conical shape throughout life ; in 
crowded woods it is restricted to the upper third of the stem. 
Spruce has a shallow root system. 

Spruce grows at first rather slowly, but faster than silver 
fir ; when 10 to 15 years old its height growth becomes rapid, 
and it ultimately reaches the greatest height of the indigenous 
trees of temperate Europe, up to 150 feet, with a diameter up 
to 5 feet. 

In volume growth it is only surpassed by silver fir and 
Douglas fir. 

Its maximum age may be placed at 300 years. 

ReprodncUve Power. 

Spruce begins bearing full crops of seed after the age of 
50 years ; they are heavy, and, under favourable conditions, 
occur about every 3 to 5 years. On the whole, reproduction 
by seed is favourable, more so than that of the other shade 
bearing species. Thex'e is no rein*oduction from the stool. 
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/. Okcircwte^' and Com^osilion of Woods. 

Spruce occurs in extensive pure woods, for which it is well 
adapted ; it has a dense foliage, and preserves a complete 
cover for a considerable time, in fact until near maturity. 
Under its shelter a heavy growth of moss springs up, which 
keeps the soil moist; at the same time the shallow root 
system of the spruce is liable to drain the upper layers of 
the soil. 

It is a suitable tree for mixture with many species, such as 
silver fir, beech, larch, and Scotch pine, but less so with oak, 
which is liable to become stag headed in mixture with spruce. 
It is not so well suited for underplanting as beech and silver 
fir. If mixed with silver fir and beech it is apt to outgrow 
and injure them. 


(j. Sylvicultural Systems, 

Spruce is treated as high forest under the clear-cutting and 
shelter- wood systems ; both succeed well, but the former some- 
what better. In the case of the shelter-wood systems the 
mother trees are liable to be thrown by storms. For the 
same reason spruce is not suited for standards. 

Spruce is treated under a rotation of 60 to 120 years. It 
makes excellent hedges, and is also much grown for wind 
breaks along the edges of woods. 


h. Formation of Woods, 

Spruce woods can be formed naturally or artificially, the 
latter method being more practised. Under ordinary circum- 
stances it does not require shelter when planted. 

The seed ripens in October, and falls towards spring, the 
cones remaining on the tree for some time afterwards. It 
preserves its germinating power for 3 to 5 years. Of good seed 
75 per cent, should germinate. One pound of seed contains 
about 65,000 clean grains. Direct sowings should be made in 
spring ; the seeds should receive a covering of half an inch 
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of soil ; they germin^,te after 3 to 5 weeks. About 10 pounds 
of clean seed per acre are required for l)roadcast sowings. 

Sowings in nurseries may be done broadcast or in drills. 
British nurserymen prefer the former, sowing about ’6 of a 
pound of seed per 100 square feet of seed bed. The seedlings 
can be pricked out when one year old, but they are generally 
left two years in the seed bed ; after they have stood one or 
two years in nursery lines they are put out into the forest ; 
the plants may be placed 4 feet apart. 

On the Continent spruce is planted in a variety of ways; 
as seedlings, with or without balls of earth, or as transplants ; 
either one plant may be placed into each planting spot, or 
sometimes several plants are put together, so-called hunch- 
plantincf; the latter method is now little followed. 

Natural regeneration is effected both under shelter-^voods 
and on clear cuttings, the seed coming from adjoining woods. 
If under a shelter-wood, the seeding cutting is made fairly 
strong, and the final stage is short as compared with beech 
and silver fir, because the young trees do not require so much 
shelter and are less shade bearing, while the mother trees 
are liable to be thrown by storms after the cover has been 
interrupted. 

In the extensive mixed forests of spruce and silver fir found 
on the Continent, the seeding cuttings are made with special 
reference to silver fir ; when a sufficient regeneration of the 
latter has been effected, the spruce is frequently planted in 
when the shelter- wood has been removed, so as to establish a 
proper mixture in the young wood. 

•L TendhKj, 

, Fertility of Soil , — Spruce is quite capable of preserving the 
fertility of the soil as long as the cover is not interrupted. 

External Dangers , — Spruce is much exposed to dangers. 
Prom late frosts it suffers only to a moderate extent, 
but is very tender as regards dry winds and drought 
generally. Persistent cold winds also are liable to injure 
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young spruce. Hence, it is essential to keep the edges of 
spruce woods as dense as possible. The tree is easily thrown 
by storms, and it suffers very extensively from snow and 
rime ; either the crown is broken, or whole trees and groups 
of trees are thrown down. 

The spruce has many insect foes, and recovers less readily 
from injury than the Scotch pine. The seedlings and young 
plants suffer like those of the Scotch ]3ine, Hylobius nhietis 
being a great danger. Many Tortriees live on the twigs and 
needles ; the chief devourer, however, is the nun, Lilians 
mojiacha, which has caused widespread destruction. The 
spruce-gall Aphist Chermes abktis* cripples the shoots, which 
are also extensively hollowed out by Hylurc/us piniperda. The 
bark-beetles, Toinicus typographus and its allies, are the most 
destructive insects. They especially follow caterpillar attacks, 
and are perhaps more dreaded than any other forest insects 
of Europe. 

Spruce is also much infested fmufi. Young seedlings are 
attacked by Phytophthora omnivora, which kills large patches 
of them in nurseries. Young plants up to a few years old 
become yellow and succumb, owing to Pestalozzia Hartigii. 
Trametes radiciperda and Agaricus melleus attack the roots. 
Eed rot is produced in the root and the stem by Polyporws 
mporarius ; white rot by Polyporus fulvus and borealis, 
Trametes radiciperda and pini; green rot by Pedza aeruginosa. 
There are many other species of minor importance. 

Young spruce woods require watching, lest birch, aspen, and 
willow should settle in them and injure the spruce. 

Pruning. — Spruce does not stand the pruning of green 
branches, the operation being generally followed by a falling 
off in height growth, and rot. Opinions differ regarding the 
expediency of pruning off dry branches; in many cases it 
improves the quality of the timber considerably. 

Thinnings generally commence at the age of 20 to 25 years ; 

*’■ There is some reason to believe that this is identical with Ohermes 
the insect breeding alternately on spmce and larch. 
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they should be light, and frequently repeated up to the age of 
50 years. This is necessary, as snow breakage may occur 
during this period, followed by a considerable interruption 
of the cover. After the age of 50 years the thinnings may 
be heavier. . 

The Sitka spruce, Picea sitchensis (Carr), a tree of North 
America, has been recommended for cultivation in Europe. 
Whether it will give better results, than the Norway spruce, 
has not been proved, the only advantage so far established 
being, that it is less damaged by deer, owing to the ispiky 
nature of its needles. 

16. Scotch PiNE.=Pmzts sylvestris (L.). 
a. UUlitj/. 

The timber has an average specific gravity, air dried = -54, 
soft, but somewhat harder than that of spruce and silver fir ; 
durable if not grown too quickly, and impregnated with 
turpentine, more durable than that of spruce and silver fir. The 
value of the timber depends much on the locality where it has 
been grown, the treatment of the woods, and the age of the 
trees; the timber of slow grown old trees, if sound, is far 
superior to that of fast grown or young trees. It is used for 
a great variety of purposes in the shape of boards, planks, and 
scantling, for railway sleepers, mining props, and also for 
wood pulp. It is imported into Britain as red Baltic pine. 
A fair fuel. It yields turpentine. From the needles an 
aromatic oil is prepared. 

y, Dislrihulion, 

It is found in Europe between latitude 37° and 70°, also in 
Asia. The countries around the Baltic and German Ocean are 
its centre of distribution. Indigenous in Great Britain and 
Ireland. It is eminently a tree of the low lands; prefers 
southern aspects in mountains. It ascends to 2,200 feet in 
Britain, about the same in Northern Germany, and up to 
5,000 and sometimes even 6,000 feet in the Alps. 
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(\ Locality. 

Cliviate . — Scotch pine is hardy against frost and drought, 
but flourishes best in a fairly warm climate. It is light 
demanding, standing in this respect between larch and oak. 
The degree to which it will bear shade is very limited, but it 
depends much on the climate in which it is grown. It prefers 
dry to moist air, but possesses an enormous power of accom- 
modation in this as well as other respects. Scotch pine is a 
storm firm tree. 

Soil . — Scotch pine requires a deep soil, which should be 
porous. Although it reaches its greatest perfection on fresh 
soil, it will grow under any conditions of moisture, from 
very dry soil to swampy ground. Sandy soils with a 
moderate admixture of loam suit it best, but it accom- 
modates itself to any description of soil, from shifting sand 
to clay. It is not an exacting species as regards mineral 
substances in the soil. 


(L Shape a)}d Development. 

The natural tendency of the tree is to divide its stem only 
in the upper part into a limited number of strong branches. 
In crowded woods the crown is restricted to the uppermost 
part of the tree. The stem is not so straight as that of spruce 
or silver fir. Scotch pine develops a tap root, and a generally 
deep going root system. 

Scotch pine grows quickly in youth and also afterwards, 
attaining, under favourable circumstances, an ultimate maxi- 
mum height of about 120 feet. The average height of crowded 
woods grown on fertile soil and under a favourable climate 
may run up to 100 feet. 

As regards volume increment it stands below silver fir, 
spruce, and larch, but above the broad leaved species except 
beech. The upper limit of its life may be placed at 
200 years. 
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0, Hpprodmtivp Power. 

Fall seed years commence when the tree has passed an age 
of 30 years ; they are heavy, and occur about every third year. 
Eeproduction by seed is favourable. 

/. Gharacter and Goniposiiion of Wood^i. 

Scotch pine occurs in extensive pure woods, owing to its 
general usefulness and its accommodating power, less on account 
of its power to maintain the fertility of the soil. During youth, 
and up to the age of 30 to 50 years, according to circum- 
stances, Scotch pine is soil-improving, and maintains the 
moisture in the soil, owing to the cover overhead and the 
growth of moss on the ground. When that age has been 
reached, the woods begin to thin out; and they are no longer 
capable of doing justice to the soil; the moss is replaced by 
grass or heather, the humus disappears, and a suitable degree 
of moisture in the soil is endangered. 

It is well suited for intermixture with beech and silver hr 
woods, also with Weymouth pine and spruce. It holds its 
own against these up to an advanced age. In the moist 
climate of Britain it is also grown in mixture with larch and 
oak. It may be usefully underplanted with silver hr, beech, 
and spruce, to which it affords a suitable shelter. Douglas 
fir, and even Weymouth pine, may be used for the same 
purpose. 

if. Pfjlnrnl/und 

Scotch pine is generally treated as high forest with clear 
cutting, exceptionally only under the shelter-wood systems. 
It is well suited for standards in high forest, as well as in 
coppice. It is extensively grown as a shelter-wood for frost 
tender species. 

h. Formation of Woodn. 

Scotch pine may be sown or planted on clear cuttings, or 
regenerated naturally, either under an open shelter-wood or 
on cleared areas from adjoining woods. Planting is the usual 
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method in Britain. No shelter is required by the young 
plants. On the Continent it is much sown in situ. 

The seed ripens in October of the second year, but does 
not fall until the following spring, so that in autumn three 
kinds of cones may be seen on the trees, namely, six months 
old unripe cones, 18 months old just ripe, and empty cones 
of the previous crop. The germinating power is maintained 
for 2 or 3 years. Of good seed not less than 70 per cent, 
should germinate. One pound of clean seed contains about 
75,000 grains. 

Direct sowings should be made in spring, the seeds being 
covered by about half an inch of earth. About six pounds of 
seed are required per acre for broadcast sowing ; it germinates 
after 3 or 4 weeks. 

Sowings in nurseries are mostly made broadcast, sometimes 
in drills. British nurserymen sow broadcast about '6 pound 
of seed per 100 square feet of seed-bed. The seedlings may 
be pricked out when one or two years old. In Britain 
seedling plants are now rarely put out into the forest ; 
transplants are used which may have stood one or two 
years in the nursery lines ; older plants are rarely used. 
On the Continent seedlings are frequently put out directly 
into the forest. In Britain notching is the usual method of 
planting, but peg and pit plantings are also done; the 
plants should be placed 3 feet apart, on fertile soils perhaps 
3 feet 6 inches. 

In the case of natural regeneration under an open shelter- 
wood, only a limited number of trees pei\acre, not more than 
30, should be left, and these should be removed two or three 
years after the seeding has taken place ; if the area has not 
been naturally stocked, sowing or planting should be done. 
If the seed is to come from adjoining woods, the cleared area 
should not be broader than about the height of the trees, 
and must be so situated that the seed is blown on to it. If 
regeneration does not occur within two or three years, sowing 
or planting must be done. 
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i. Tending. 

FertilUy of Soil. — Except on favourable localities, the 
fertility of the soil is liable to suffer, after the Scotch pine 
has passed the age of 50 years ; hence it should be under- 
planted between the 20th and 40th year with beech, silver fir, 
Douglas fir, spruce, or Weymouth pine. 

External Dangers. — Scotch pine requires no protection 
against frost or drought ; frost lifting may occur in early 
youth. It suffers, however, very much from snow and rime, 
and Scotch pine woods are much exposed to fires ; to protect 
them against the latter regular fire traces must be cleared, 
and a strict watch kept during dry weather over the use of 
fire in the woods and in their vicinity. The tree is not much 
subject to be thrown by wind, except on a shallow soil over an 
impermeable stratum ; its branches and top are, however, 
liable to be broken. 

Scotch pine is nibbled by cattle and game, but rarely 
peeled. Eabbits do much damage by peeling the bark of 
young trees near the ground, and squirrels by peeling them 
later on in the upper part. The number of these animals 
should be reduced by shooting, or trapping in the case of 
rabbits. 

Scotch pine is liable to a greater variety of insect injuries 
than any other tree, especially when grown on poor soil. 
Seedlings are destroyed by wire-worms, Tijgnla larvie, and 
millipedes, also by chafer-grubs. Young plants (2 to 5 years) 
are injured by root-feeding bark-beetles {Tliflastes) , and they 
are gnawed by numerous weevils, especially Hylobins (ihietis, 
which kills a large number. The needles are destroyed by 
the larvse of Liparis nioiiacha, Fidonia, Trachea^ and other 
moths, Lophyi as pini and other sawtiies ; and on the 
Continent by Gasiropacka pini, which frequently kills the 
trees. Itetinia larvee cripple the terminal shoots, which are 
also thinned out by Hylurgus piniperda. Many weevils, 
Pissodes, Magdalinus, 'Pomicus hidentatas, etc., live in the bark 
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and twigs. The Sivicklce and Longicorn beetles live in and 
destroy the wood. 

Fungi prey upon Scotch pine to a very considerable extent. 
Phgtophthora omnivora kills very young seedlings. Young 
plants and trees up to an age of about 30 years lose their 
needles after becoming yellow or brown ; the cause of this has 
not yet been satisfactorily explained, though in many cases a 
fungus {Hysterium Pmastri) is present, and may occasion the 
disease, which is termed Schiitte in German. Both Agaricus 
melleus and Trametes racliciperda do much damage. Perkier- 
mimn pint causes canker by drying up the bark and cambium 
all round the tree, and kills^ the part above it ; such trees 
are called ''foxy” in England. White rot is produced by 
Trametes piai ; red rot by Polyporiis vaporarms and mollis ; a 
bluish-black rot by Cerastoma pilifenwi. 

Pruning of green branches cannot be recommended; dry 
branches may be removed. Occlusion is slow. 

Thinning H may be commenced betw^een the ages of 15 to 20 
years, according to circumstances ; they should be light and 
frequently repeated until middle age. If it is then decided to 
underplant the Scotch pine, the thinnings must become 
heavier ; if not, they should continue to be moderate, so as to 
preserve as complete a cover as practicable. At the same 
time, trees are constantly dying off from various causes, such 
as insects and fungi, or they are broken by snow and rime. 
Such trees must be removed as speedily as possible ; hence 
dry wood cuttings are moi'e frequent in Scotch pine woods 
than in any other. 


17. Black or Austrian Pine = Pimis Laricio (Poir.), var. 

austriaaa, 

a. Utility, 

The Austrian pine yields a light soft wood, which is very 
rich in turpentine, and very durable. Specific gravity, air 
dried, — ’56. It is a good building timber, and in its natural 
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home the tree yields more turpentine than any other European 
conifer. The needles are used in the manufacture of an 
article which comes into commerce as forest wool.” 

/>. Disfrilmfiooi. 

Lower Austria, Hungary, Croatia, Dalmatia and the south- 
eastern Alps, where it ascends to about 4,500 feet. Introduced 
into Britain during the last century. 

(\ Lomliffj^ 

Climate , — The tree is frost hardy and not sensitive to 
drought. It demands light, but stands more shade than the 
Scotch pine, standing between that tree and the Weymouth 
pine. It prefers dry air, and is storm firm. Suffers much 
from snow and rime, even more than Scotch pine. 

Soil , — It likes a moderately deep, porous and fairly moist 
soil, which need not be fertile. In its natural home it is 
chiefly found on calcareous soils, especially over dolomite 
formations, but it thrives almost equally well on any other 
formation. Its demands on fertility and moisture are even 
less than those of the Scotch pine, so that it grows on shallow, 
dry soils, even on rocks. It is considered one of the least 
exacting of the European timber trees. 

d, Shajie and Development, 

The tree develops a straight stem ; the crown is similar to 
that of the Scotch pine, but fuller, stronger and denser. Its 
height growth is somewhat slower than that of the Scotch 
pine, and it does not, as a rule, exceed a height of 75 feet, at 
any rate when grown beyond its natural home. The root 
system is strong, and similar to that of Scotch pine. The 
volume growth is smaller than that of Scotch pine. It is said 
to attain a great age in its natural home. 

e, IteprodaicHve Po%aer, 

The tree commences producing full crops of seed after it has 
passed an age of 30 years, and they occur every 2 to 3 years. 
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f, Cltao'dcter cmd ConiposiHon of 

The Austrian pine appears in extensive pure woods in its 
natural home^ and it is better suited to be so grown than the 
Scotch pine, because it has a denser crown, which shades the 
soil better, preserves a complete leaf canopy to a more 
advanced age, and acts beneficially on the fertility of the 
locality. It can be mixed with the same species as Scotch 
pine, but demands more protection against being outgrown 
and suppressed. It does not require underplanting to the 
same extent as Scotch pine. 

y. Sylvicultural Systems. 

High forest with clear cutting, but also the shelter-wood 
systems. It can be used as nurses over and between tender 
species ; makes a good wind break along the edges of woods. 

h. Formation of Woods. 

Planting is the rule, but sowing and natural regeneration 
under a shelter- wood, or by adjoining woods, are also practised. 

The seed ripens at the end of October in the second year, 
and falls towards and during the following spring. It retains 
its germinating power for 2 to 3 years. Of good seed 70 
per cent, should be capable of germinating. About 24,000 
clean seeds go to the pound. 

The treatment of the seed and seedlings in the nursery is 
the same as for the Scotch pine. 

i. Tending. 

This is similar to that of the Scotch pine. The Austrian 
pine is exposed to the same dangers as the Scotch pine, but in 
a less degree ; from snow and rime it suffers, however, some- 
what more. It has the same insect enemies as Scotch pine, 
but is less frequently injured. A snail {Bulmus delictus) is an 
especial foe to young plants, wdiich it kills by eating the last 
year's needles in spring. 
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Fungi are the same as those found on the Scotch pine, but 
thej^ do less damage. 

18. Corsican Pine — Pinas Laricio, var. Corsicana (Poir). 

a. UUHty^ 

Similar to that of the Austrian pine. 

h. Bisiribution. 

Corsica, Sicily, Calabria, Spain, Greece, South Russia, 
generally the south of Europe. Introduced into England 
about the year 1815, In its natural home the Corsican pine 
is a tree of the mountains. 


r. Lomlity, 

Climate , — The tree is ‘hardy in respect of early and late 
frosts, but less so as regards winter frosts beyond its natural 
distribution. It thrives very well in the climate of Great 
Britain and Ireland. It is more light demanding than the 
Austrian pine; very hardy against drought, and resists sea 
spray better than almost any other species grown in Britain. 
Suffers much from snow and rime. Storm firm. 

ISoiL — It prefers a loose, fresh, calcareous soil or a loamy 
sand with a well drained subsoil, but it is not very particular, 
its demands on the fertility of the soil being very moderate. 

(L Shape and Developmeni , 

The tree develops in England a straight stem, and it grows 
very rapidly in height, much more so than the Austrian pine. 
As far as present experience shows, it is likely to reach a much 
greater height, and to be altogether a more desiral)le tree for 
planting in Britain than the Austrian pine. The root system 
is similar to that of Scotch pine, but not quite so strong or 
deep going. 

e. ReproducMve. Poicer, 

The tree commences to bear full crops of seed at the age of 
25 — 30 years (in its natural home). 


B B 2 
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/. Gharacfer of Woods^ Systems, Formahon of Woods. 

Similar to what has been said regarding the Austrian pine. 
Owing to its more rapid height growth in England, it generally 
holds its own against other species. Planting is the rule in 
England. One pound of seed contains about 34,000 grains, of 
which 70 per cent, should germinate. 

(j. Tending. 

Similar to that of Austrian pine. Game hardly touches 
it. The tree suffers less than Scotch pine from abnormal leaf- 
shedding (Schiitte). 


19. Weymouth Pine — Fimts Strobus (L.). (The White Pine 
of North America.) 

a. Ufility. 

The Weymouth pine yields a soft light wood, of which 
enormous quantities are used in North America, and exported 
to Europe and other countries as American “ white pine.'’ 
The timber produced in Europe has a specific gravity of ’44,''' 
and is moderately durable. It is used in building, as boards 
and planks by joiners, carpenters, carriage builders, for 
matches, toys, paper manufacture, and a great variety of other 
purposes. It is of somewhat less value than the timber of the 
Scotch pine. 

b. DistribiiHon. 

The Weymouth pine is a native of the eastern parts of 
North America, where it is found between latitudes 85° and 
50°. It was introduced into England in 1705, and has since 
been planted in various European countries.! In the Alps it 
is now found up to 4,000 feet elevation. 

* According to Hess. 

t According to Brandis it is not improbable that it was grown in Paris in 
the 16 th century. 



THE WEYMOUTH PINE. 


SIS 


r. Locality. 

The following notes are based on experience gained in 
Europe : — 

Climate . — The Weymouth pine makes moderate demands 
on temperature ; it is hardy as regards winter, late and 
early frosts, and also drought. As regards light requirement 
it stands half-way between light demanders and shade bearers. 
It is storm firm, and resists snow and rime well. 

Soil . — It has been found to do best on deep porous, fresh, 
loamy sands, but accommodates itself to dry poor soils, as well 
as to moderately swampy ground ; it seems however to avoid 
calcareous soils. It resembles in these respects the Scotch 
pine, but demands perhaps a little more moisture in the soil, 
and is generally a little more exacting. 

d. Shape and Development. 

Weymouth pine develops a straight and undivided stem, 
with a fairly dense crown, which in crowded woods is restricted 
to the upper part of the stem. 

During the first three or four years it grows more slowly in 
height than the Scotch pine, which it generally catches up by 
the eighth or tenth year, when it keeps ahead of it, reaching 
a maximum height of 120 feet or even more. In America, 
trees of 150 feet in height are frequently seen. Grown in 
crowded woods it produces a cylindidcal stem, but when grown 
in the open it tapers considerably. Its volume growth is 
considerably greater than that of Scotch pine. The root 
system is deep-going, similar to that of Scotch pine. It is 
said to reach an age of 400 years in its natural home. 

’ e. Reproductire Power. 

The tree commences bearing full crops of seed when about 
30 years old ; these occur every 2 or 3 years, but a certain 
quantity of seed is produced almost every year. 
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/. Ghcmuier and ComposHion of Woods. 

In its natural home the Weymouth pine appears in pure 
woods over considerable areas, but even more frequently is 
found mixed with other species, especially broad leaved trees. 
It is well suited for pure woods, as it has a fairly dense crown, 
maintains a sufficient leaf canopy until towards maturity, and 
preserves a favourable layer of humus and moss on the ground. 
In Europe it is grown chiefly with Scotch pine, spruce, larch 
and silver fir, when it generally holds its own. It is also well 
suited for mixture with beech. 

rj. Sylvicnlfund Systems. 

High forest with clear cutting; fairly suited for under- 
planting oak on sandy soils, and also larch and Scotch pine ; 
well suited for filling up blanks in young woods. It is less 
suited for standards in coppice, or as nurses over and between 
tender species. 

7 /. Formation of Woods. 

Planting is the rule, the seed being frequently too expensive 
for direct sowings. The natural regeneration of the tree has 
been found to be very slow in Europe. 

The seed ripens in September or October of the second year, 
and falls almost immediately. It retains its germinating 
power for 2 to 3 years. Of good seed 50 per cent, should be 
lit to germinate. One pound of seed contains about 30,000 
grains. The raising of plants in nurseries is similar to that 
described for Scotch pine. As Weymouth pine plants are 
more costly than those of Scotch pine, they are generally 
treated with more care in transplanting, being as a rule placed 
into pits about 4 feet apart. 

i. Tending. 

Weymouth pine preserves the fertility of the soil. It requires 
protection against cattle and deer. Damage by insects is, 
according to present experience, not of much importance. 
Young plants are injured by a Coccid, Chernies strohij and 
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older ones by the gnawing and breeding of a weevil, Pissodes 
pini, as well as by a woolly aphis Cryptococcus, sp. A bark 
beetle, Tomicus bidentatus, is occasionally injurious. 

The Weymouth pine suffers from many of the fungi which 
attack Scotch pine, but in a, less degree. Agaricus inellevs and 
Trametes radiciperda, however, do more damage, as they 
frequently kill young trees of this species. 

The woods should be kept crowded so as to kill off the lower 
branches, hence thinnings must be light until the height 
growth falls off. The dry branches remain for a long time on 
the stem, and it is desirable to remove them. Cutting off 
green ))ranches cannot be recommended, because it causes the 
stems to grow unevenly. 


20. Larch — Larix enjvopcca (D.O.). 
a. Utility, 

The timber is moderately heavy, average specific gravity, 
air dried, = *62, soft, splits fairly well, very durable, lasting 
longer than any other coniferous timber grown in Britain ; it 
yields good firewood. 

Larch is the best coniferous timber grown in Britain, for 
construction above and below ground ; it is also used for ship 
building. In Britain it is used for a great variety of purposes ; 
it is much prized for railway sleepers, mining purposes, and 
makes an excellent fencewood. Its price per cubic foot is 
generally about double that of Scotch pine timber. The bark 
is used for tanning and dyeing. It yields Venetian turpentine, 

5. Bistribution. 

The homes of the larch are the Alps, the Carpathian and 
Moravian mountains, and Siberia, the latter being now 
considered a separate species. It has been cultivated in many 
countries, so that it is now found all over Europe between 
about the 42nd and 58th degrees of latitude. Larch is a true 
mountain tree ; it is generally found in the Alps between 



876 NOTES ON BRITISH FOREST TREES. 

3,000 and 6,000 feet elevation, but goes up to 7,000, that is to 
say to the upper limit of tree growth. It is said to have been 
introduced into Britain in 1629 (Brown). Its cultivation in 
Scotland was commenced about the year 1725, the Duke of 
Athol having begun planting it over extensive areas about 
that time. It is found in the Highlands up to about 2,000 feet 
elevation, though its cultivation above 1,500 feet frequently 
does not pay under present conditions. 

r. Locality. 

Climate . — Larch can do with a lower mean annual tempera- 
ture than any other timber tree mentioned in this part. It 
suffers from drought, is hardy against frost in its natural 
home, but liable to suffer somewhat from late frosts in low 
lands owing to its very early sprouting in spring. It is 
highly light demanding, and requires to have its head free 
throughout life. The climatic conditions required by larch 
have been much discussed. The majority of foresters believe 
that it prefers a dry atmosphere, a free and airy position, and 
northern and eastern aspects. It is more storm firm than 
almost any other conifer. 

Soil . — Larch requires a deep, fairly porous, and moderately 
fresh soil ; it avoids wet as well as dry soil. It is fairly 
exacting as regards the general fertility of the soil ; loamy 
soil containing a good proportion of potash and lime suits it 
best; in its natural home it is much found on stony soils, 
provided they are fresh. 

The natural home of the larch enjoys only a short gi'owing 
season, with a late and very short spring and comparatively 
hot clear summer. These are conditions which seem to suit 
it. Britain, on the other hand, shows a much longer growing 
season, especially a long spring, a moister atmosphere and a 
more cloudy summer — in other words conditions which are 
altogether different from those prevailing in the natural home 
of the larch. It is not astonishing, therefore, that this valuable 
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tree, although it grows most vigorously, suffers excessively 
from disease in Britain, as will be indicated under i. 

(h Shape and Development, 

Larch has an undivided stem, with a conical thin crown ; 
where the tree is exposed to wind the lower part of the stem 
is frequently curved. In crowded woods the branches are 
restricted to the uppermost part of the stem. It develops a 
tap root and generally a fairly deep going root system. 

It is a quick height grower from the beginning and until it 
has reached nearly its full height, which may under favourable 
circumstances be placed at about 120 feet. As regards volume 
increment it stands between the firs and the pines. 

Ordinarily it would not exceed an age of 300 years, though 
it is said in the Alps sometimes to reach double that age. 

e, Reprodarifre P(nvm\ 

Pull seed years commence at the age of about 30 years ; 
they are light, and may be expected every 8 to 5 years. A 
certain quantity of seed is produced almost every year. On 
the whole, the reproductive power by seed is moderate. 

Larch possesses a certain power of reproduction by shoots, 
but this is of no practical value in sylviculture. 

/. Character wnd Uomposition of Wooda. 

Larcli preserves a sufficient cover overhead only for a limited 
period, generally not exceeding 30 years, when it beginvS to 
thin out admitting sun and air currents, which cause the 
fallen needles to decompose quickly, and the previous growth 
of moss to make way for grass. Hence, it is not suited for 
pure woods except on fertile soils or under specially favour- 
able climatic conditions. It is far preferable to mix larch into 
other species with a dense foliage, such as beech, silver fir and 
spruce,* against which it holds its own. In Britain it is also 

If further mvestigatioii should show that Chernies laricis and abietis are 
the same insect, a mixture of spruce and larch may become undesirable. 



378 


NOTES ON BRITISH FOREST TREES. 


mixed with oak, chestnut and Scotch pine, but these mixtures 
are not good ones in themselves ; if they are nevertheless 
employed, the reason is to be found in the fact that these 
three species are more valuable as timber trees than the 
above mentioned shade bearing species, and because in the 
moist climate of Britain a departure from the rules, which 
guide the forester in arranging mixtures, is more permissible 
than in dry Continental countries. 

Whenever larch is grown pure, it should be underplanted 
at the age of 15 to 30 years with one of the shade bearing 
species mentioned above. In addition, the Douglas fir may, 
be suggested for this purpose, because it stands sujBBcient shade 
to groy^ under a thin larch wood, it requires some protection 
during early youth, is a fast grower, and yields valuable 
timber. Even the Weymouth pine may do for underplanting 
the larch, provided the latter is strongly thinned beforehand. 

(j. Sylviculture Systems. 

Larch is treated as high forest, as standards over coppice, 
and it is frequently grown as a shelter- wood over and between 
tender species. In high forest it may be treated under a 
rotation of 60 years and upwards, according to the size of 
timber required. It is useful to fill blanks in existing woods, 
owing to its rapid growth. 

h. Formation of Woods. 

Larch may be planted on clear cuttings ; rarely sown ; in 
favourable localities it can also be naturally regenerated. Care 
in selection of sites is essential, to prevent disease being brought 
about by unfavourable soil and clipiate. 

The seed ripens in October or November, and begins to fall 
in the following spring ; some of it remains in the cones until 
the spring of the second year, or even longer. The empty 
cones remain for several years on the trees. The germinating 
power is maintained from 2 to 4 years. If 35 per cent. 
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germinate it ie considered good seed. One pound of seed 
contains about 70,000 clean grains. 

Direct sowings are made in spring, about 14 pounds of seed 
per acre being required for broadcast sowings ; it receives a 
covering of about one- third of an inch, and it germinates 
after three or four weeks, if the seed is fresh ; old seed 
germinates very irregularly. Direct sowings are rarely made. 

In nurseries the seed may be sown broadcast or in drills, 
British nurserymen generally sow broadcast, about one pound 
of seed per 100 square feet of seed-bed. The seedlings are 
pricked out when one year old, or not at all. * Plantings are 
done with two-year-old seedlings, or with transplants after 
they have stood one or two years in the nursery lines. Older 
plants are rarely used. In Britain the method of planting is 
generally notching ; pit planting is also done. Planting must 
be done early in spring, or in autumn, as the larch sprouts 
very early. The plants need not be placed closer than 
4 feet apart. 

Owing to its great light requirement the tree is not really 
suited for natural regeneration by seed; but if this is 
attempted, the mother trees must be placed far apart, or 
the area clear cut in strips, allowing the seed to fall on them 
from adjoining woods. The method is only successful under 
favourable circumstances. At any rate, a second seed year 
should not be awaited, but all areas not stocked by the first 
seed year should be planted up. 

Owing to the great damage by Pedsa {DasyscypJia) Will^ 
kommiiy the larch should in future be introduced singly into 
other woods, especially beech woods. 

i Teadimj. 

Fertility of Soil — Pure woods protect the soil sufficiently 
only for about 25 to 80 years ; hence they should be under- 
planted. 

External Bangers . — In its natural home larch is hardy ; it 
suffers little from late frosts, and also not much from drought. 
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The damage done by snow and rime is of moderate extent, 
and the tree is very storm firm. In Britain it is not so storm 
firm, especially if the soil should be saturated with water at 
the time of a gale ; it also suffers somewhat more from late 
frosts, because it sprouts much earlier. 

Eoebuck and deer do a great deal of damage to larch by 
injuring the bark, which is also peeled by rabbits. Squirrels 
peel the top shoots. Hence the tree should be protected 
against these animals by fencing and shooting. 

Larch is much exposed to attacks by insects and fungi, 
and these dangers are much greater in countries where it has 
been artificially introduced. The larch is especially attacked 
by minute moths, as Goleopliora laricella, which hollows out 
the needles, and Argyresthia Icevigatella, and several Tortrices. 
The larch-bug,” Chermes lands, is very injurious. Numerous 
bark-beetles live in the larch in common with other conifers. 

Fungi, — Phytojyhthora omnivora kills, the young seedlings. 
Peziza (Dasyscypha) Willkommii eats away the bark and cam- 
bium, causing canker; this disease has now become so prevalent 
in many parts of Britain that the further production of the tree 
has become altogether problematic. Agarims nielletis kills the 
roots ; Trametes pini destroys the wood, leaving white spots ; 
Polyponis salphureus produces red rot. 

Priming, — The larch stands pruning well, but the operation 
affords an entrance for fungi, especially Peziza Willkommii ; 
hence it should be done very sparingly. It is much better to 
gro\v the larch so that the lower branches die off and fall 
naturally. 

Thinnings must begin early. They should be light until 
the time has come for underplanting, when they must be 
heavy, leaving only healthy, vigorous, well formed trees 
as the overwood which are to develop into large timber trees. 

Of late the Japanese larch, Larix leptolepis, has been much 
recommended. Up to date there is no proof whatever that it 
will do better than the European larch. On the contrary, 
there are indications that the latter catches up and passes the 
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former in height at the age of about 25 or 30 years, and that 
it is less branchy and straighter at that age. Again, canker 
has already been observed on the Japanese larch, so that it is 
impossible to say whether it will be more resistant against 
disease than the European larch. 


21. Douglas Fir — Pseiiclotsiiga Douglasii (Carr). 

(The Eed Fir or Oregon Pine of North America.) 

The Douglas fir is a native of the western part of North 
America, where it is found between latitudes 31° and 65° 
and longitudes 104° and 130°.* It* is considered the most 
valuable forest tree of North America, owing to its rapid 
growth, great dimensions and the excellence of its timber. 
The latter is said to be equal to that of larch, while trees of 
over 300 feet in height, with a corresponding diameter, are 
said to exist. The tree was introduced into Britain in 1826 
(Brown), and the experience so far gained singles it out as a 
most promising timber tree for this country ; hence it was 
considered desirable to add it to the present list. 

The sylvicultural data at present available are not yet 
sufficient to give a complete set of notes on the treatment of 
the Douglas fir in Britain. Numerous experimental plantations 
have been established in this country and on the Continent, 
some of which are upwards of 40 years old (apart from single 
trees or groups of greater age), and the following remarks are 
based upon observations made in these, and on the informa- 
tion supplied by Dr. H. Mayr,in his interesting work on “ The 
Forests of North America,” 1890. t 

a. Locality. 

The Douglas fir reaches its greatest perfection on the slopes 
and in the moist valleys of the Cascade Mountains in Oregon 

* According to Professor C. S. Sargent. 

t Dr. Mayr, a Bavarian Forest Officer, and now Professor of Forestry at 
Munich, visited North America twice since 1885, and spent altogether seven 
months in its forests. He largely utilized Professor Sargent’s investigations. 
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and Washington, and in the coast districts of British Columbia, 
approximately between the 40th and 50th degrees of latitude. 
These territories have an annual rainfall of about 65 inches, 
with a moist atmosphere, the climate being comparatively 
mild. As regards soil, it appears that a deep, fertile, and at 
least fresh, sandy loam suits the tree best. Under the most 
favourable conditions it here attains a height of about 
300 feet. It seems to avoid stiff clay and also poor, sandy 
soils as well as chalk soils. 

In the mountains of Montana, with a comparatively small 
rainfall of about 24 inches and a dry atmosphere, the Douglas 
fir reaches, if grown on the most suitable soil, a height not 
exceeding 150 feet, which however is also the limit in the 
coast districts, if the tree is grown on moderately fertile soil. 
On poor soil, even in the latter districts, the maximum height 
is frequently found to be 100 feet or even less. 

From these data it appears that the Douglas fir, if it is to 
do well, requires a moist climate and a deep, fertile, fresh or 
moist soil, especially light loam. It accommodates itself to a 
different climate and soil, but the height growth falls off in 
due proportion. 

In its natural home the Douglas fir is said to be very hardy ; 
in Montana it is exposed to great winter cold, and is found 
growing without shelter. In the coast districts, with a long 
growing season, it is said to suffer from early frost. In 
Britain it has on the whole been found hardy. 

Two distinct varieties are now recognised, known in 
Britain as the Pacific or fa'St growing variety, and the 
Colorado or slower growing variety. The former is liable to 
suffer from early autumn frosts in the north of England 
and in Scotland ; hence its cultivation can be recommended 
for the south and west of England and Ireland. The 
Colorado variety is hardier, and is, therefore, preferred for 
cultivation in the north. It has, however, been observed 
that it sprouts earlier in spring, and is, therefore, somewhat 
more exposed to damage by spring frosts. 
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To what extent the Douglas fir may be considered storm firm 
in Europe will depend on further experience; in Scotland 
many trees only 80 years old, grown in fairly crowded 
plantations, have been thrown. , In exposed localities the 
leading shoots suffer to an excessive extent. 

German foresters seem to consider the Douglas fir to be a 
moderately light demanding species. The author is more 
inclined to class it as a moderate shade bearer, standing near 
spruce, or still nearer the Himalayan deodar. 

I). Shape a7id Development 

The Douglas fir develops a straight undivided stem, except 
that in some localities the first 6 feet from the ground are 
curved. Grown in the open the crown covers the whole stem 
and comes down almost to the ground; the stems of such trees 
are very tapering. If grown in crowded woods in its natural 
home, the lowest portion of the stem is exceptionally stout ; 
the crown forms a sharp cone confined to the upper half of 
the' stem, whilst the bole is described as of a remarkably 
cylindrical shape, at least as much as that of the European 
silver fir. A regular wood* which the author examined in 
1888 was 32 years old ; in this all the trees were excessively 
tapering, giving a form factor t of *39 for timber only (over 
8 inches diameter at the thin end). Since then the form 
factor has risen to *44. 

The growth of the Douglas fir is exceedingly fast. At the 
same time it varies enormously according to climate and soil. 
According to Mayr, a wood 80 years old and grown under the 
most favourable conditions showed an average height of about 
133 feet, or an average annual height growth of nearly 20 inches. 
The Taymount plantation shows an average height growth of 
about 22 inches. 

In Montana, according to Mayr, the Douglas fir shows a 
height growth of about 10 inches on an annual average, or 

* Taymount, on the estate of the Earl of Mansfield, Scotland ; area = 8 acres, 
t For “ Form Factor ” see Volume III. 
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about one-half of that in the coast districts. Under any 
circumstances, as far as experience goes at present, the 
Douglas fir, if planted in suitable localities, outgrows all 
European timber trees. The tree also attains a great diameter ; 
the average diameter of mature trees, 200 feet high, in the coast 
districts is given as about 6 feet, and in Montana as about 
2J feet. It follows that the volume increment is very great. 
Experience up to date shows that it exceeds the fastest growing 
of European trees to a considerable extent, as the following 
data will show : — The Taymount plantation yielded the 
following data in 1888 : — 

Age = 32 years (including the age of the plants when 
put out). 

Number of trees per acre . . . = 202 

Mean diameter =12 inches 

Mean height =60 feet 

Volume, excluding all material under 8 
inches diameter . . . . = 3,738 cubic feet 

Mean annual production . . . =117 ,, ,, 


Sample areas measured in the same wood by Mr. Pitcaithley 
in 1903 showed the following results : — 


Age . 

Number of trees per acre 
Mean diameter . 

Mean height 
Volume . 

Mean annual production 


. =47 years 
. =202 
. = 15 inches 
- = 79 feet 
. =10,218 cubic feet 


The plantation was too heavily thinned in 1887, since when 
no further thinning had been made. 

The Taymount plantation consists of the Pacific variety. 
The Colorado variety is not likely to yield anything like the 
above-mentioned results. 
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c. Reprodiictive Power. 

Little is known about this, beyond that the trees grown in 
Britain produce seed freely, which has been used for rearing 
the younger plantations. In its natural home it is said to 
commence bearing seed when 10 years old. 


d. Gharacter and Composition of Woods. 

Douglas fir, grown in crowded woods, produces a complete 
cover overhead, and seems well adapted to be grown in pure 
woods; as far as can be judged at present, it is likely to 
maintain a complete leaf canopy to a sufficiently advanced age 
to produce large sized timber. It is, however, liable to suffer 
from storms in Britain ; at any rate the leading shoots are 
always injured, unless the tree is grown in a thoroughly 
sheltered position. 

Under these circumstances the best results will probably be 
obtained by mixing it with other species. As it stands a 
moderate amount of shade and grows very rapidly, it should 
be planted under or between larch or Scotch pine. The larch 
may be planted pure, and when from 15 to 30 years old it 
should be strongly thinned, only healthy, vigorous trees being 
left, and underplanted with Douglas fir. Care must be taken 
to give to the Douglas fir sufficient light. The latter will 
reach timber size at the same time as the larch. The Douglas 
fir will shelter the soil between the larch, while the latter 
will afford the necessary protection to the leading shoots of 
the former. In this way the Douglas fir can be grown in 
localities where it could not be successfully reared pure. At 
the same time, under this treatment, very high returns may 
be expected. 

The mixture of Scotch pine and Douglas fir maybe arranged 
in the same way ; but the underplanting may be postponed 
for another 10 years, and the Scotch pine must be less 
numerous than in the case of the larch. 
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Another method, which is likely to yield satisfactory results, 
is to grow Douglas fir and larch in alternate rows, 4 feet apart 
in each direction. The larch will give a valuable early return, 
leaving a pure wood of Douglas fir, or one mixed with a limited 
number of larch trees, if the latter are not attacked by canker. 

6. Sylvicultural Systems, 

The Douglas fir seems suitable only for simple high 
forest; it suffers too much from wind to be grown as a 
standard in coppice. 

/. Formation of Woods. 

So far the seed is very expensive, so that direct sowings 
are out of the question. No experience has as yet been gained 
regarding natural regeneration. For the present only planting 
is practised. 

The seed^ and seedlings are treated in the same manner as 
those of the spruce. The seedlings must, however, receive 
lateral shelter or light top shelter where late frosts are feared. 
They may be pricked out when one or two years old, and 
planted out into the forest after they have stood one or 
two years in nursery lines ; their development is very rapid, 
similar to that of larch, and they need not be placed nearer 
than 4 feet apart. 

fj. Teyiding. 

Douglas fir seems quite capable of preserving the fertility 
of the soil. 

How much the tree is likely to suffer from external dangers 

in Britain will depend on further experience. So far it is 

certain that it suffers somewhat from late frosts while young, 

but is hardy afterwards. Dry winds are not likely to suit it. 
% 

Strong winds injure the leading shoots, and have also thrown 
the tree in pure woods in Scotland. 

* A pound of seed received from Mr. Conrad Appel, Darmstadt, contained 
46,000 grams, which produced 8,000 healthy seedlings. 
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Deer and roebuck are detrimental to the Douglas fir, more 
especially on account of their peeling the bark. 

It is not possible to say at present in how far Douglas fir is 
likely to suffer from insects in Europe. It is attacked by a 
number of those which prey on the indigenous conifers, but 
further experience must show the extent to which it is likely 
to suffer from such attacks. Of fungi, Botrytis Doicglasii 
kills the young shoots, and Agarictts melleus and Trainetes 
radiciperda have been found on the tree. 

The thinnings of Douglas fir woods should be light for a 
considerable period, so as to cause the lower branches to die 
off, and the formation of cylindrical boles. 
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